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An Interferometer for Measuring Gradients in Both Refractive 
Index and Thickness of Large or Small Optics 


J. B. Saunders 


Institute for Basic Standards, National Bureau of Standards, Washington, D.C. 20234 


(March 24, 1969) 


A small aperture prism interferometer is described for measuring refractive index and thickness 
gradients between pairs of adjacent points in both small and large optics. It is relatively free from 
vibration problems and thermal gradients are reduced to a minimum by confining the two component 
beams of light to a relatively small space. Large specimens are tested by scanning them with the 


light beam. 


Key words: Interferometer; optical homogeneity; refractive index. 


1. Introduction 


The classical instrument for measuring variations 
in refractive index of glass was described by Twyman 
and Green [1]! in 1916. This interferometer is quite 
suitable for testing small specimens but is impractical 
for testing specimens larger than 8 to 10 in. because 
of vibrations, temperature problems, and difficulties 
in making large aperture interferometers. 

The Kosters prism interferometer was suggested 
for measuring the homogeneity of optical media in 
1963 [2] but a description of this application has not 
been published. This interferometer is quite practical 
for measuring index gradients in both small and large 
optics. It is relatively free from vibration problems 
and thermal gradients are reduced to a minimum by 
confining the two component beams of light to a rela- 
tively small space. Large specimens are tested by 
scanning them with the light beam. 


2. Components of the Interferometer 


Figure 1 shows the optics of a modified Kosters 
prism interferometer. The light source may be either 
a continuous emission laser or a highly monochro- 
matic spectral source, such as Krypton or Mercury 198. 
If a laser is used, a short focus (high power), single 
element, plano-convex lens that has its axis slightly 
tilted relative to the principal ray, will provide ade- 
quate divergence and sufficient freedom from unwanted 
interference fringes. 

The K6sters prism interferometer has its two com- 
ponents cemented together for stabilization of several 


‘ Figures in brackets indicate the literature references at the end of this paper. 
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FIGURE 1. Optics of the interferometer. 
The figure is a section through the center of the prism. 


of its interferometric adjustments. These adjustments 
for a built-in-wedge prism [3] are: (1) one component 
of the fringe width is adjusted to optimum width, and 
(2) the zero order of interference is adjusted to the 
most favorable position (the center) where it remains 
during further operational adjustments. The adjust- 
ments for a prism without a built-in-wedge are to set 
the zero order of interference at the center of the 
prism and to maximize its width by polishing the base. 





The two types of prisms are equally accurate but the 
integral parts of the orders of interference in the 
built-in-wedge type are easier to read. 

The base surface of the prism is figured to be 
spherical and convex. The prism serves as: (1) a 
collimator lens, (2) a beam divider for dividing the 
beam two times, (3) two mirrors for deflecting the 
transmitted and reflected beams to a common direc- 
tion, (4) a near perfect compensator so that white light 
interference can be used if desired, and (5) a collector 
lens. 

If a laser is used for the source, the mirror, M, may 
be a small uncoated optical flat. However, if the 
mirror does not have an opaque reflecting coat, its 
bottom surface should either be tilted to avoid re- 
flecting light back through the prism or it should be 
rough ground, or coated with something like petroleum 
jelly, cedar oil, or a similar fluid to reduce reflection. 
A sheet of black paper, soaked in the fluid and con- 
tacted to the back of the mirror, serves as an excellent 
nonreflection coat. The remaining components con- 
sist of the specimen and three simple screens S,, S2, 
and S83. 

A calibrated glass wedge [4], located between the 
specimen and prism, enhances the accuracy of reading 
the orders of interference. 


3. Adjustment of the Interferometer 


The only adjustments, other than those made in- 
variant by cementing the prism components together, 
are positioning the light source and mirror relative 
to the prism. The source should be located near the 
focal plane of the prismatic lens formed by the base 
of the prism so as to collimate the two light beams 
(one from each of the two prism components) in the 
specimen area of the interferometer. The source should 
also be adjusted in the plane of fig. 1 so that the two 
component beams (reflected and transmitted by the 
beam divider) are parallel to the beam dividing plane. 

The distance from the prism to the mirror may be 
chosen at will, however, adequate space should be 
allowed for free movement of the thickest specimen 
that is intended to be tested. The angular position 
of the mirror about an axis perpendicular to the beam 
dividing plane is not critical, except that the angle of 
incidence of the light should remain small. The only 
critical adjustment that requires attention is the 
angular position of the mirror about an axis parallel 
to the vertex of the prism. This adjustment, which 
can be controlled by a single screw that rotates the 
mirror relative to the prism assembly, controls the 
component width of the transmission fringes (defined 
below). If a prism with no built-in-wedge (fringes 
parallel to the dividing plane) is used, this adjustment 
of the mirror only causes the fringes to change separa- 
tion without rotation. If a built-in-wedge prism is used 
it causes the fringes to rotate about their points of 
intersection with the dividing plane. 

The fringes produced by light reflected from the 
two surfaces of the specimen are relatively independ- 


ent of interferometer adjustments. If the surfaces of 
the specimen are adjusted to be approximately normal 
to the incident light, the width of the fringes depends 
only upon the refractive index and angle between the 
two reflecting surfaces of the specimen. The angle 
between the two surfaces of the specimen should 
form a3 to 15 s wedge so that the two component beams 
reflected from them will form interference fringes of 
suitable widths for accurate measurements. The two 
surfaces should be flat to within 0.1 xm per inch to 
avoid excessive variation in fringe width. 


4. Opaque Screens for Obstructing Unwanted 
Light 

Three opaque screens (thin, black cardboard is 
quite adequate) are used to obstruct light which 
would otherwise interfere with fringe visibility. The 
single beam of light from the source is divided into 
two beams by the beam divider, H. When unobstructed 
by screens S. and S;, each of these beams is incident 
on the two optical surfaces of the specimen and the 
mirror, M. Therefore, three components of each of 
the two beams return to the prism. These six beams 
are again divided by the beam divider into two com- 
ponents each. One set of six components is transmitted 
toward the observer and the other set is returned 
toward the souce. If the observer receives the six 
beams that are transmitted toward him he sees a 
complex interference pattern that is useless for the 
test. 

A screen, S; (fig. 1), in the focal plane of the source 
that is dark on the observer's side, white on the source 
side and having a small round hole (approximately 
1 mm in diameter), can be adjusted to transmit the 
pair of beams from M, if M is adjusted normal to the 
beam divider. Thus, when the specimen is absent 
the observer sees a single set of interference fringes. 
The set of fringes produced by light from M is defined 
as “transmission fringes” since the light that produces 
them is transmitted by the specimen during the test. 
The fringes produced by light reflected from the two 
surfaces of the specimen are defined as “reflection 
fringes.” 

When the specimen is inserted the four beams that 
are reflected from its two surfaces will each form an 
image of the source in the plane of S,. If the surfaces 
of the specimen are approximately parallel to M the 
four beams will pass through the aperture in S; and 
interfere with the transmission fringes. These four 
beams may be adjusted, by slightly tilting the speci- 
men, to fall just outside the aperture in S,, with no 
observable effect on the position of the beams from 
M and no appreciable interference with the trans- 
mission fringes. 

The reflection fringes are made visible by inter- 
cepting the light to M with a screen S,. (preferably 
dark on the incident side), intercepting one of the 
beams from the prism with another screen S3 and 
removing S; from the beam. This leaves only two beams 
reflected from the specimen to form the reflection 
fringes. 





5. Movements of the Specimen 


The specimen rests on a saddle that can be moved 
along a straight line normal to the dividing plane, 
along a set of ways, without rotation. The set of ways 
should have a scale attached to it that permits the 
sample to be moved equal intervals. A fixed reference 
point, P, (fig. 2), should be located between the prism 











FIGURE 2. Several positions of the specimen relative to the prism. 
Observations are made without the specimen and with the specimen located at each 


of several positions relative to the prism 


and specimen, in the beam that forms the reflection 
fringes. A second reference point, P2, symmetrical to 
P,, with respect to the beam divider, will insure good 
visibility of the reference points in the transmission 
fringes. The separation of these two points equals the 
interval of movement of the specimen between ob- 
servations as it traverses the light beam. These two 
reference points may be small beads on a fine wire 
attached to the prism cell and stretched normally to 
the beam dividing plane. 


Data can be taken along any straight or curved path 
across the specimen as long as ray 1 passes through 
the specimen in exactly the same place that ray 2 
passed through before the specimen was moved from 
the previous position. The number of positions at 
which measurements are made depends upon the 
length of the sample and the separation of the reference 
points. The separation of the reference points may be 
any value from near zero to slightly less than the aper- 
ture of the prism. The prisms used for these tests had 
diameters of 3 cm. 


Figure 2 shows several positions of the prism rela- 
tive to the sample; although it is the sample that is 
moved relative to the prism. The prism, light source, 
reference points, and mirror are rigidly connected to 
insure interferometric stability. If we let the two optical 
paths, “ABC” and “ADE”, be represented by /; and 
l,, respectively, the order of interference, Qo, observed 
at the superimposed reference points, P; and P» will 


be given by the equation, 
Qo=2(l2—1,)/A. 


The adjustment for Qo is controlled by the single screw 
adjustment mentioned above. This adjustment should 
not be altered during the test. 

If, when the prism is in any positionv(v=1,2 .. .), 
we let 7, and R, be observed orders of interference 
for the transmission and reflection fringes, respectively, 
and letting n, and d, be respectively the refractive 
index and thickness of the sample at the place where 
ray | traverses it, then it can be shown that: 


Fs =Qot [dvs (vss —_ ] ) —d,(n,— ] )]2/a, 
AR, = Rosi —R,= [dosiNyss —d,n,]|2/ A 


It will be noted that the final position of the specimen 
is required for evaluating R, but not 7,. 

If n and d be the nominal refractive index and thick- 
ness of the sample, respectively, in the direction 
traversed by the light, An, and Ad, the variations in 
n and d between the two interfering beams (rays 1 
and 2), it can be shown that [5], to the approximation 
aimed at in this analysis 


An, = [n(T,—Qo) — (n—1)AR, JA/2d, (1) 
Ad,= [AR, —T,+Qo]a/2. (2) 


The index gradient and wedge (angle between the two 
surfaces) of the specimen are obtained by dividing 
An, and Ad,, respectively, by the separation of the 
reference points. The total changes in index and thick- 
ness are obtained by adding the increments An, and 
Ad,, respectively. It can be shown that, to the same 
approximation mentioned above, 


» 
» An,=Nysi1—- 


v=1 


Vv 


=|n( 5 7.—¥00)— (2-1) 


aR, |N2d, (3) 


v=1 


| Ad,=d,4:—d, 


v=1 


-| AR,—  7,+»Q0|N2. (4) 


v=1 v=1 


It is sometimes important for specifications to know 
the maximum variation in the refractive index and 
thickness of large optics. When values for (n,.;— 71) 
and (d,,;—d,) are tabulated they show the maximum 
and minimum values, from which maximum differences 
are readily obtainable. Obviously the results apply 
only to that part of the specimen covered by the 
selected reference points and may not include the 
maximum variations of the entire specimen unless 
the points are chosen to coincide with them. 





6. Reduction of Error and Elimination of Qo 


Since the wavelength, A, the refractive index, n, 
and thickness, d, of the specimen are usually known 
more accurately than the orders of interference, the 
errors in the determined values of An, and Ad, arise 
almost entirely from the errors in the measured values 
of the orders of interference. This, of course, is based 
on the assumption that temperature gradients remain 
negligible. 

It is apparent from eqs (3) and (4) that an error in 
Qo will produce errors in (n,.1—1;) and (dy: —d;) 
that are v times the corresponding errors in An, and 
Ad,. This error can accumulate to relatively large 
values when observations are made at many points 
across a large specimen. On the other hand, the error 
in AR, does not accumulate since it can never exceed 
twice the maximum error of a single observation. It 
can also be shown that all biased errors in Qo, R,. 
and 7, are automatically eliminated by differences. 
The result of random errors in all observations are 
obviously reduced by averaging the results of obser- 
vations taken at the same points during two traversals 
of the specimen. If the specimen is rotated 180° be- 
tween the two traversals and observations are made 
at the same points but in reverse order, the quantity 
Qo does not affect the average and, therefore, may be 
eliminated from the observations. 

If the two traversals are indicated by subscripts of 
parenthesis, eq (1) becomes, for the first and second 
traversal, respectively, 


(An,): = [n(T,); — (Qo): — (n—1)(4R_)1 J A/2d, 


(An,)2= [n(T,)2 —n(Qo)2 — (n— 1) (AR,) 2] A/2d. 
(5) 


If no adjustment of the prism, relative to the mirror, 
is made during the observations then (Qo):= (Qo): = 
Qo. The constancy of Qo is assured by the stability of 
this instrument. The reversal of the specimen reverses 
the optical and geometrical wedges between all pairs 


of adjacent points with the result that values for 
(An,), and (Ad,), will be identical in magnitude and 
of opposite sign (except for errors) to (An, and 


(Ad,)2, respectively. The best values for An, and Ad, 
are, therefore, 


An, = 4[(An,);— (An,)2] 
={n[(T,): — (T.)2] — (n — 1)[ (AR): — (AR, oJ} A/4d. 
(6) 
Ad,=4[(Ad,): — (Ad,)2] 
= {(AR,), — (AR,)2— (T,)1 + (Tr) 2}N/4. (7) 


The corresponding values for (n,.;—m) and (d,,,—d,) 
are 


and 


Care must be exercised to insure that the values 
obtained for T, and AR, in eqs (6) and (7) represent 
values for the same pairs of points on the specimen. 
Positive identification is enhanced by the fact that 
(AR,); and (AR,)2 will be equal in magnitude and of 
opposite sign (except for errors) and the algebraic sum 
of (T,), and (T,)2 will be equal to a constant. The 
value of this constant is 2Q9, which need not be 
determined. 
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A Kerr Electro-Optical Technique for Observation and Analysis 
of High-Intensity Electric Fields * 


Esther C. Cassidy and Harold N. Cones 


Institute for Basic Standards, National Bureau of Standards, Washington, D.C. 20234 


(May 19, 1969) 


A Kerr electro-optical technique, which permits observation and analysis of high intensity electric 
fields in nitrobenzene-filled Kerr cells, is described. Two-dimensional visual images, similar to those 
achieved in photoelastic-mechanical stress analysis, of the field distribution are afforded by the fringe 
pattern produced by the Kerr effect when high direct voltages are applied to the cell. Analysis of the 
field profile, by measurement of the fringe positions, permits calibration of the system for measurement 
of high voltage pulses. The Kerr constant of the liquid and space-resolved determinations of relative 
field strength, actual field strength (in volts per centimeter), and potential are also derived. 


Key words: Dielectric liquids; electro-optical measurements; electrostatic field measurements; 
high voltage measurements; Kerr cell; laser applications; potential measurements; 


pulse measurements. 
1. Introduction 


The present study was conducted in order to deter- 
mine the distribution and relative intensity of the elec- 
tric field imposed by application of high direct voltage 
across the electrodes of nitrobenzene-filled Kerr cells, 
‘our ultimate goal being the development of methods 
for accurate calibration of Kerr-type high-voltage 
pulse-measuring systems [1].' Except for edge effects, 
the electric field between parallel-plate electrodes 
should be uniform in intensity, directly proportional 
to the applied voltage, and inversely proportional to 
the interelectrode distance. If these conditions were 
actually achieved, the Kerr pulse-measuring technique 
would be straightforward, and calibrations of the sys- 
tem could be achieved by both direct- and pulse- 
voltage divider techniques [2]. However, it is evident 
from the literature [3] that the field between high volt- 
age electrodes immersed in a dielectric liquid is often 
distorted by the presence of free charges in the liquid, 
under both de and pulse conditions. Since these so- 
called “space charges” are believed to be either ionic 
impurities present in the liquid before imposition of 
the field or ions formed in consequence of the field, it 
would seem that field distortion effects might be re- 
duced by using ultra-pure liquids in the Kerr cell. 
Although liquids of adequate purity are not available 
commercially, several sophisticated methods for 
achieving a high-degree of purity have been reported 


*This work was supported in part by the U.S. Atomic Energy Commission through the 
Sandia Corporation, Albuquerque, New Mexico. 


' Figures in brackets indicate the literature references at the end of this paper. 


[4-10]. However, in spite of use of several of the more 
effective purification techniques, recent studies [2, 
11-13] indicate continued distortion in the field dis- 
tribution, particularly when high-intensity d-c fields 
(> 15 kV/cm) are applied. 

This paper reports development of a method for 
high direct-voltage calibration of Kerr systems suitable 
for measuring pulses peaking as high as 100 kV in 
spite of nonuniformity in the interelectrode field due 
to space charge effects. In addition to achievement of 
this immediate goal, the experimental techniques em- 
ployed are believed to be unique in that they permit 
direct observations, similar to those achieved in photo- 
elastic mechanical-stress analysis, of the behavior of 
distorted high-intensity electrostatic fields between 
electrodes immersed in a dielectric liquid. In the pres- 
ent work, the Kerr cells were filled with nitrobenzene. 
However, it is evident that other dielectric liquids 
with reasonably high Kerr constants may be studied 
by applying higher voltages and adjusting the cell 
geometry. 

Unlike earlier methods [2, 14-16], the present 
technique provides the following advantages: (1) It 
permits direct observation of the two-dimensional 
field distribution. The regions subject to greatest 
electrical stress, where breakdowns are more likely 
to occur, may therefore be detected by direct observa- 
tion. This advantage has not, to the authors’ knowl- 
edge, been fully utilized in earlier Kerr effect measure- 
ments: of this type, perhaps because voltages of 
sufficient magnitude and/or electrodes of suitable 
length were not employed. (2) It enables determination 
of field strength (in volts per centimeter) and potential. 





Such measurements were often achieved in earlier 
work [13, 17] by inserting potential probes in the 
liquid. The present Kerr electro-optical technique 
avoids the disturbing influence of the probes. (3) These 
values may be determined, with any given high direct 
voltage applied, from a single photograph of the light 
transmitted by the interelectrode area. Point by 
point measurements of the transmitted light intensity 
are not required. Measurement resolution increases 
with the magnitude of the applied field. (5) Use of a 
laser light source allows simplicity in the optical system. 


2. Apparatus and Procedure 


The experimental setup is shown schematically in 
figure 1. A laser beam is passed through and along the 
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FiGURE 1. The Kerr electro-optical system with laser source and 


recording photographic film. 


length of a Kerr cell, equipped with parallel-plate 
nickel electrodes and filled with high purity nitro- 
benzene. The cell is installed between two polarizers. 
The first polarizer is oriented so that the laser light 
entering the cell is linearly polarized at an angle of 
45° with respect to the parallel surfaces of the elec- 
trodes. The second polarizer (the analyzer) is “crossed” 
with respect to the first, so that initially no light is 
passed by the system. When voltage is applied across 
the Kerr cell, the imposed electric field induces bire- 
fringence in the nitrobenzene. Thus, when light 
passes between the electrodes of the cell, its state of 
polarization is altered by the action of the electric 
fieid, producing the so-called Kerr effect [18]. 
Measurement of the intensity of the light transmitted 
by the analyzer has long been used for study of elec- 
tric fields in dielectric liquids which become bire- 
fringent in the presence of an electric field. Moller 
[19], who determined the field distribution by photo- 
metric scanning of the light transmitted by the inter- 
electrode area, was among the first to report its use 
for this purpose. In later works (7, ik, i, 20-23] 
retardation plates and compensators were inserted 
in the light path, in order to make photographic re- 
cording of the field distribution more feasible. In some 
cases, collimating lenses and filters, which restricted 
the radiation passed to very narrow wavelength re- 
gions, were also included. Since nonmonochromatic 


light sources were used, the filter served to reduce 
errors resulting from the wavelength dependence of 
the Kerr constant [15]. 

In the present work, the latter difficulty is avoided 
by using a laser source (continuous-wave helium-neon, 
wavelength 632.8 nm). Lenses are used to expand and 
collimate the 2.5 mm beam diameter to 50 mm. A 
pinhole aperture is inserted at the focal point of the 
expanding lens to eliminate spatial noise and thereby 
produce a smooth intensity profile across the col- 
limated beam. These components are housed in a beam 
expanding telescope attachment affixed to the laser. 
Except for the laser and this attachment, the Kerr 
system is simple and conventional. As voltage is ap- 
plied to the cell, the distribution of the electric field 
over the entire interelectrode area is observed directly 
by viewing the alternate bright and dark bands or 
fringes produced by the Kerr effect on a translucent 
paper or ground glass screen inserted in the path of 
the light transmitted by the analyzer. Permanent, 
full-scale images of the electrodes and of the field- 
induced fringes may be recorded photographically for 
precise measurement purposes. A negative lens may 
be inserted between the analyzer and the photo- 
graphic plate or film to obtain an enlarged image. This 
procedure is especially useful for direct viewing of the 
field between closely spaced (< 1 cm) electrodes. The 
results shown in figures 2-7 were obtained using neu- 
tral density filters which transmitted 1 to 25 percent of 
the light transmitted by the analyzer. Exposure times 
ranged from | to 10s. 


3. Analysis of the Electric Field 


The intensity / of the light transmitted by the 
analyzer upon application of voltage to the Kerr cell 
is related to the strength E of the imposed field as 
follows [1, 2, 25]: 


i ole(ey 
7,~ sin’ 5 (F) | 


where /» is the maximum light intensity transmitted 
by the system, and E,, is the electric field strength 
which produces the first transmission maximum. 
Thus, if the field is uniform, the light intensity trans- 
mitted by the analyzer will change uniformly over the 
entire interelectrode area as the voltage across the 
cell is changed. When the imposed field E = Em, the 
first transmission maximum will be observed. As the 
voltage is increased further, transmission will decrease 
until E= V2 Em. At this point (the first transmission 
minimum), the entire interelectrode region will be 
dark on the viewing screen. With further increases 
in voltage, the transmitted light intensity will continue 
to oscillate between maximum and minimum transmis- 
sion points, the interelectrode area observed on the 
viewing screen being brightest when E= Em, V3 Em, 
V5 Em, etc., and darkest when E = 0, V2 Em, 2Em, ete. 

However, if the electric field is nonuniform, as is 
often the case when high direct voltages are applied 





across electrodes immersed in a dielectric liquid 
[3, 12, 19], the intensity of the light transmitted by 
the analyzer will vary with the average local field 
strength along the length of each light path through the 
liquid according to eq (1). When fields of sufficient 
strength are applied, the Kerr effect will produce ex- 
treme variations (alternate bright and dark bands), 
similar to those observed by Mueller [26] under low 
ac-field conditions, in the light intensity transmitted 
over the interelectrode area. 

The photographs in figure 2 were taken using the 
Kerr system described above with the indicated high 
direct voltages applied across a nitrobenzene-Kerr 
cell having parallel plate electrodes (dimensions: 
1.5 cm X 10 cm X 0.2 cm) and interelectrode spacing 
d= 1 cm. As the voltage was increased, alternate bright 
and dark fringes appeared, thus permitting direct 
observation of the profile of the electric field across 
the width of the interelectrode area.2 Regions where 


2 Errors in the profile due to the fringing fields at the end edges of the electrodes are 


believed to be small if the interelectrode distance is small compared with the length of the 
electrodes 
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the field distortion is greatest are evidenced by con- 
centrations of a greater number of fringes. The photo- 
graphs of figure 2 show immediately that the field in 
this cell is most intense and very nonuniform at the 
edges of the electrodes. Since the existence of fring- 
ing field edge effects is well known, some distortion 
was expected in these regions. However, the distortion 
indicated by the fringes appearing in the central inter- 
electrode area, which is attributed to space charge 
effects, is difficult to predict. Further, the fringes indi- 
cate that the interelectrode field in this cell is stronger 
near the electrodes and weaker in the region midway 
between them. It may also be noted that the inter- 
electrode field is more intense near the cathode when 
voltages lower than 32,000 V are applied. At higher 
voltages, the greater number of fringes at the anode 
indicates that the interelectrode field is more intense 
near the anode. 

In the present work, successive numerical values 
were assigned to each successive bright (n= 1, 3, 5, 
etc.) and dark (n= 2, 4, 6, etc.) band as it appeared 
in consequence of the increasing voltage, according to 


32,000 


Photographs showing dark fringes (minimum transmission bands) produced by Kerr effect when high direct voitages are applied 


to a nitrobenzene Kerr cell (d= 1 cm). 
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the convention described in our earlier work [2]. The 
dark fringes recorded in the last photograph of figure 2, 
with 37.390 volts applied to the cell, are numbered in 
this manner in figure 3. As the voltage was increased, 
the first dark fringes to appear at each electrode are 
assigned the value n= 2, the second to appear n= 4, 
and so on. As may be seen from figure 2, the fringes 
appeared initially at each electrode, moved away from 
their respective electrodes toward the center of the 
cell where they merged, then divided and moved off 
to the outer perimeter of the Kerr cell wall. 


The relative field strength (£/E,») along the equifield 
line delineated by the brightest and darkest points, 
where (J/Im)=1 and (J/Im)=0, respectively (see 
eq (1)), of each bright and dark band is related to the 
assigned n value as follows [2]: 

E 


() = va. 


If a voltage high enough to produce several (five or 
more) dark fringes in the interelectrode area is applied, 


(2) 


Ficure 3. Enlarged photograph with numerical values assigned to the equifield lines delineated by the dark fringes. 
Applied voltage = 37,390 V 
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the relative field strength (E/Em) may be plotted as a 
function of distance (from one of the electrodes) 
simply by measuring the positions of the dark fringes. 
Quantitive measurements of the transmitted light 
intensity were found to be unnecessary. The curves 
in figure 4, which show the relative field strength 
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FIGURE 4. The nonuniform electric field distributions and average 
relative field strengths (E'/E,) as determined from measurements 
of fringe positions with various voltages applied. 


(E/Em) as a function of distance (from the anode), 
with three different voltages applied to the cell, were 
plotted in this manner using three of the photographs 
in figure 2. The fringe positions, indicated by the points 
on the curves, were determined from measurements 
made by several methods: (1) by tracing and measuring 
the position of enlarged projections of the dark fringes 
and electrodes on fine-scale graph paper, (2) by meas- 
uring their positions on enlargements of the original 
photograph with a millimeter scale, and (3) from micro- 
densitometer measurements of the position of the 
darkest point in each fringe on transparent film. 
Similar photographs showing the electric field dis- 
tribution imposed by different voltages in a nitro- 
benzene Kerr cell having 12 cm long parallel electrodes 
and interelectrode spacing d= 2.76 cm are given in 
figure 5..In this cell, the field distortion is more pro- 
nounced. If the photographs are viewed in sequence 
with the increasing applied voltage, it is also evident 
that the behavior of the field differs from that observed 
in the 1 cm cell. In this case, numerous dark fringes 
appeared in sequence at the cathode and moved across 
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the interelectrode distance as the voltage was in- 
creased. As the first dark fringe (n = 2) moved near 
the anode, it divided into three sections, two of which 
moved off to the outer perimeter of the cell. The other 
section moved into the anode. Although voltages 
higher than 70 kV were not applied in the present 
work, we anticipate that this behavior would continue 
as the voltage is increased. Since the electrode spac- 
ing is believed to be the principal difference between 
this cell and the 1 cm cell, the evident contrast in their 
field distributions cannot as yet be fully explained. 
Further work investigating this and the extent of fring- 
ing field errors is now in progress. 

The relative strength (E/Em) of the electric field in 
the 2.76 cm cell, as determined from measurements of 
the positions of the dark fringes in the photograph (in 
fig. 5) taken with 65,920 V applied, is plotted as a 
function of distance from the anode in figure 6. The 
enlarged photograph used for these measurements, 
with successive numerical values assigned to the 
fringes as described above, is shown in figure 7. 


4. Calibration of System for Measurement of 
High Voltage Pulses 


The average relative field strength (E'/Em) imposed 
by an applied voltage V may be determined from the 
relative field distribution measurements by numerical 
integration of the following equation 


E' 1/(E x 

(e.)- |, (&:)¢@) 

along a central line perpendicular to the inner surfaces 

of the electrodes4 (E/Em) is the relative local field 

intensity read, as a function of normalized position 

(x/d), from the measured field distribution curves 
(e.g., those of figs. 4 and 6). 

Going further, it is evident that (E’/Em) is the rela- 

tive strength of the uniform field which the applied 

voltage V would impose in a given Kerr cell. One may 


le 
zr) 


where (Emd) is the voltage required to produce the 
first transmission maximum in a given cell under uni- 
form field conditions. V may be measured to within 
0.01 percent by use of a high-direct-voltage divider 
[24], and (E’/Em) may be derived as described above. 
Equation (4) therefore permits determination of the 
cell constant (End) required in calibration of the Kerr 
system for measurement of high voltage pulses, pro- 
vided, of course, that the fields imposed by the puises 
to be measured are uniform.’ At a temperature of 
24 °C, the cell constant of the 1 cm cell used in the 


(3) 


V 


(End) (4) 


‘In this central interelectrode region, the field direction is perpendicular to the electrode 
surfaces. 

5In view of the experimental results of Croitoru [23], assumption of uniformity in the 
pulse field would seem to be reasonable for pulses with duration less than 50 us. 





present work was found to be 12,530 V. This value 
was averaged from results obtained by measuring the 
fringe positions with different voltages between 26,000 
and 37,000 V applied to the cell. As may be seen from 
table 1, the calculated cell constants were identical 
to within 1 percent. Because of their reproducibility 


TABLE 1. Comparison of pulse divider calibration [2] with direct 
voltage calibrations of 1 cm Kerr cell 





—_ 
Pulse Divider 


Calibration Direct Voltage Calibrations and Data 





(End) J (E'/Em) (End) 





Volts Volts 

12,500 
12,540 
12,570 
12,500 
12,530 


2.129 
2.445 
2.545 
2.677 
2.919 


12,560 








CAT HODE 


9,200 VOLTS 


and close agreement with calibrations achieved by one 
of the pulse divider methods described earlier [2], the 
present calibrations and the measurements used in 
achieving the calibration are believed to be accurate 
to within 1 percent. 


5. Measurement of Other Parameters 


In addition to the above, the field intensity Em (in 
volts per centimeter) which produces the first trans- 
mission maximum in the liquid under study may be 
determined from the following relationship, 

y 


En = TFG 


(E'/Em)d ° (9) 
by measurement of the interelectrode distance d. 
V and (E'/E») are measured as described above. Then, 
since 
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FIGURE 5 
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Photographs of Kerr effect fringes produced in 2.76 cm nitrobenzene cell at various voltages. 
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] 


B= DE" (6) 


the Kerr constant B of the liquid may be obtained by 
measurement of the length / of the light path through 
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FIGURE 6. The electric field distribution between the inner central 
surfaces of the electrodes in the 2.76 cm cell. 


the electric field. Results obtained with the 1 cm cell 
indicate the Kerr constant of nitrobenzene at a tem- 
perature of 24 °C and wavelength of 682.8 nm to be 
about 3X 10-5 esu. Since the distance between the 
electrodes of this cell is small compared with their 
length (10 cm), the errors due to edge effects at the 
ends of the electrodes are believed to be small. An 
end effect correction was therefore not included in 
this calculation. If corrections for the wavelength and 
temperature dependence of B are applied, the deter- 
mined value compares favorably with those reported 
in the literature [15]. 

Further, since the field intensity Em required to 
produce maximum transmission is constant throughout 
the liquid, the local field intensity E, (in volts per 
centimeter) at any point x may be determined from 


E 
E.=(F-) Em, (7) 


by measuring the fringe positions along the perpen- 
dicular interelectrode line which passes through the 
point. The relative field strength (E/E») at the point 
x is then read from the relative field distribution curve 
as described above. Similarly, the potential V, at any 
point x along a line perpendicular to the inner surfaces 
of the electrodes and parallel to the field direction 
may be derived from the local field intensities as 
follows 


V.= [ E,dkx. (8) 
0 


If such detailed information on the field and poten- 
tial distribution is not required, it is important to note 
that the field intensity profile is mapped directly in 
two dimensions by the dark fringes. Each dark fringe 
n delineates an equifield line of relative intensity 
(E/Em)n, with (E/Em)n being known directly from the 
numerical value n by use of eq (2). Then, with Em for 
the liquid being known from eq (5), an actual intensity 
E, in volts per centimeter may be assigned to each 
fringe by substituting these values in eq (7). 


6. Summary and Conclusions 


A technique, which utilizes laser light for Kerr 
electro-optical analysis of the distorted electric field 
imposed when high direct voltages are applied to 
electrodes immersed in some dielectric liquids, has 
been described. The laser beam (50 mm diam) is 
directed between the electrodes so that the entire 
interelectrode area is illuminated. The nonuniform 
distribution of the electric field is immediately evident 
from direct observations of the dark fringes produced 
by the Kerr effect in consequence of the gradients 
in the high-intensity field. Since each fringe de- 
lineates an equifield line of known relative strength 
[ (E/Em) = V2, 2, V6, etc.], the field strength along 
each fringe is determined by counting the fringes as 
they appear upon applications of voltages of increasing 


~—eee. 

e cell constant, required in calibration of the sys- 
tem for measurement of those short pulse voltages 
which produce uniform field distributions, is cal- 
culated from the relative field distribution by measure- 
ment of the applied direct voltage. Comparison of 
calibrations derived from these measurements with 
those derived from conventional pulse-divider measure- 
ments indicate that the field measurements are ac- 
curate within 1 percent. The field strength E» which 
produces maximum transmission in the liquid, the 
Kerr constant of the liquid, and the potential at any 
point along lines perpendicular to the electrodes and 
parallel to the field direction are among other param- 
eters which may be derived from photographic records 
of the transmitted fringe pattern. 

The experimental results demonstrate the accuracy 
(~1%) of the quantitative measurements achieved 
by use of the Kerr technique described here. A further 
advantage appears to be the two-dimensional visual 
image of the electric field distribution afforded by the 
transmitted interelectrode fringe pattern. As in photo- 
elastic mechanical-stress analysis, regions of highest 
electrical stress are evidenced by concentrations of a 
greater number of fringes, thus enabling immediate 
detection of these regions where electrical breakdown 
is more likely to occur. In addition, the technique 
provides a means for direct observation of the influence 
of alterations in the shape and geometry of the cell 
and its electrodes. We anticipate using it for this 
purpose in the near future. Finally, though such ob- 
servations must be made in liquids having reasonable 
Kerr constants and dielectric strengths, the authors 





hope that the technique described will lead to a better 
understanding of the behavior of high-intensity electric 
fields in other liquid insulants. 
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A table is given of the t deviate that corresponds to a given normal deviate z in the sense that the 
probabilities sutside the t value and outside the z value are identical. This table enables those who are 
accustomed to expressing uncertainties in terms of lo, 20, 3c, or 4c limits to give statistically equiv- 
alent limits when the standard deviation a is not known and consequently must be estimated from small 


samples. 


Key words: Standard deviation; statistics; Student-t; table of Student-t; uncertainties. 


In many fields experimenters have become accus- 
tomed to expressing limits to the random error in a 
reported value in terms of (for example) 3c limits. 
Obviously such a procedure requires a knowledge of 
the true underlying standard deviation o of the re- 
ported value and while such knowledge is always to 
be desired, it may not always be available. It may 
happen that an estimate S of the standard deviation, 
based on the information in a small sample, is all that 
is available and the problem then is to compute uncer- 
tainty limits using a ¢ factor that have the same chance 
of being correct as the 3o limits one might otherwise 
use. 

The table gives the t deviate that corresponds to a 
given normal deviate in the sense that the probabilities 
inside the t value and inside the z value are identical. 
For example, the probability of a normal deviate not 
exceeding 2 in absolute value is the same as the proba- 
bility of a ¢ deviate based on 4 degrees of freedom not 
exceeding 2.869 in absolute value. The entries in the 
columns of the table headed z=1, 2, 3, and 4 are, 
therefore, the values of t not exceeded in absolute 
value with probabilities 0.68269, 0.95450, 0.99730, 
and 0.99994, respectively. These t values could, in 
principle, be determined from existing tables but 
rather extensive interpolation would be necessary 
since the probabilities are not round numbers. 

Natrella [1963] ! in section 2—1.5 describes the usual 
procedures for setting confidence limits in the case of 
a known standard deviation and in section 2—1.4.1 
describes the procedure in the case of an estimated 
standard deviation based on v degrees of freedom. 


' Figures in brackets indicate the literature references at the end of this paper. 
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In the special case considered there of setting a con- 
fidence limit on the mean, v is always one less than the 
sample size. 


As an example of the use of the table, suppose that 
the only information available on o were in terms of the 
sample standard deviation, S, computed using the 
formula S?=sum (x;—)?/9 for a sample of size 10 
and that one was accustomed to reporting two-sigma 
limits. Then one could use + 2.320 S/ V10 rather than 
% + 20/V 10 as confidence limits for 1.One might state 
in such a case that, “based on the_observed data, 
% — 2.320 S/V10 and %+ 2.320 S/V10 correspond in 
probability to the usual two-sigma uncertainty limits.” 

The values in the table were computed using the 
computer programs of Bargmann and Ghosh [1963] and 
are believed to be accurate to the last digit given. The 
program was checked using exact formulas for small 
values of v and the tables of Federighi [1959]. 

Computation of this table was suggested by Rolf 
B. F. Schumacher of Autonetics. 
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Student-t deviate corresponding to a given normal deviate z, for 
use with an estimated standard deviation based on v degrees of 
freedom 
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A new calorimetric design and measuring technique are proposed for reducing uncertainties caused 
by temperature gradients. A theoretical analysis reveals a mathematical theorem concerning heat 


transfer and its electrical analog. 


Key words: Absorbed dose; calorimeter; heat loss compensation; heat flow theorems. 


1. Introduction 


In calorimetry of moderate accuracy it is sometimes 
considered sufficient to measure the temperature 
changes of the separate bodies comprising the calorim- 
eter at only a single point in each, and, in treating the 
heat evolution and leakage during a run, to ignore 
temperature gradients of the bodies. The systematic 
errors produced by gradients that are not negligible 
have been discussed, [1, 2] ' and upper limits for these 
errors have been assigned in some simple cases [3]. 
Experimental means are also available for detecting 
and evaluating the gradient-induced errors [4]. A 
calorimeter design is reported here which is intended 
essentially to eliminate systematic errors caused by 
temperature gradients. The instrument is intended 
for the measurement of the absorbed dose deposited 
in materials by beams of ionizing radiation, but the 
principles are applicable to calorimetry in general. 


2. Essential Elements 


The essential concept consists of a calorimetric 
body, the core, completely surrounded by a thermally 
isolated jacket of equal heat capacity. Figure 1 is a 
diagrammatic representation of a core and jacket of 
any possible shape. A thermistor is imbedded in each 
to indicate temperatures. The two thermistors form 
opposite arms of a Wheatstone bridge that is initially 
balanced when the core and jacket temperatures are 
at equilibrium. Unbalanced output voltages for small 
changes in temperature are, therefore, proportional 


' Figures in brackets indicate the literature references at the end of this paper. 


to the sum of the temperature changes of the core and 
jacket from equilibrium. The jacket is surrounded by 
a shield that is caused either to remain at a constant 
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FIGURE 1. Essential elements of the heat loss compensated 


calorimeter. 


temperature, or to follow the rising temperature of the 
jacket, depending upon the mode of operation that is 
chosen. 


3. Principle of Compensation 


Assume that power is to be applied to the core, first 
by an eccentrically located imbedded electric heater 
and then by a uniform absorption of energy produced 
from a radiation field. These two ways of applying 
power will produce large differences in temperature 
gradients throughout the core. If the gradients are 
large, as with an eccentrically located heater, the heat 





lost from the core during the application of power may | 
be difficult to evaluate with satisfactory accuracy, 
especially if the core temperature is measured at only 
one point. However, the heat lost from the core that 
is retained in the jacket contributes to the output of the 
Wheatstone bridge just as if it had been retained in the 
core.2, Compensation for heat lost from the core by 
this method is nearly independent of the temperature 
gradients that are produced in the core during power 
application. Hence this method would seem to reduce 
the systematic error when the calorimeter is used to 
compare power sources that produce different tem- 
perature distributions in the core. The relatively small 
jacket leakage correction that remains can be assumed 
to be made with good accuracy, in the case where the 
shield is maintained at constant temperature, because 
the temperature rise of the jacket is smaller and more 
uniform than that of the core. For the same reasons, 
in the adiabatic mode, the temperature of the shield 
can be caused to follow the rising temperature of the 
jacket more readily and accurately than that of an 
unjacketed core. 


4. Application to Absorbed Dose Determination 


Now consider specifically the case of a calorimeter 
to be used for the measurement of absorbed dose in 
a radiation field. It is assumed that the shield remains 
fixed in temperature and that core and jacket are made 
of the same material and have equal heat capacities. 
The sensitivity of the calorimeter is determined from 
calibration runs in which measured power is supplied 
to and dissipated in the core by means of an imbedded 
electrical heater. No power is supplied to the jacket: 
its slight heating is the result of heat transferred to 
it from the core. The output voltage of the bridge circuit 
indicates T,¢ + T2c where T;c and T2c are, respectively, 
the temperature changes of the core and the jacket 
from equilibrium, uncorrected for heat losses. Heat 
loss corrections can be determined by the usual 
methods of calorimetry. 

When measurement runs are made the Wheaistone 
bridge is altered by substituting for the jacket’s 
thermistor a fixed resistor of equal resistance external 
to the calorimeter. In this case the output voltage 
of the bridge indicates 7,,, the temperature change 
from equilibrium of the core. The energy, Ey, absorbed 
by the core from the radiation is computed to be 


Ey=Ec X Tiul(Tict+Tee)', 


where Ec is the measured electrical energy, supplied 
during the calibration, and T{y and (7;-+T72-) are the 
corrected temperature changes in the two runs. 


* A somewhat different method is described in [5]. Calorimeters using jackets that are 
not a part of the heat measuring system ave described in {6}. 


5. Heat Transfer Relation 


It was discovered, during calculations of the ideal 
performance of the proposed single jacketed calorim- 
eter design, that Ti is identical to 7): + Tec, provided 
(1) that the absorbed radiation power converted to 
heat in the core and jacket are each the same as the 
electrical power converted to heat in the core during 
a calibration run, (2) that temperature changes are 
small enough so that heat capacities and heat transfer 
coefficients can be considered constant, and (3) that 
there are no temperature gradients within the core 
or jacket. 

More generally, for a core surrounded by N—-1 
thermally isolated jackets, 


Tim = Ti+ Q2T 2c + a3T3¢ +. . . + anT ye, 


if the same schedule of power, P(t), is applied to the 
core during a calibration run and a measurement run, 
and if a2P(t), agP(t), . . ., avP(t) are the schedules 
of power applied during a measurement run to the 
first jacket, the second jacket, etc., respectively, where 
Q@2, @3, ..., @y are constants. This expression is 
independent of the possibly different heat capacities 
of the core and jackets, and also independent of the 
time variation of P(t), whether P(t) acts as a heater 
or as a refrigerator. A proof is given here for the case 
of a core and one jacket. 


Let C, =the heat capacity of the core; 

C,= the heat capacity of the jacket; 

T,=the temperature change from equilibrium 
of the core for any run; 

T,=the temperature change from equilibrium 
of the jacket for any run; 

K,=the heat transfer coefficient between the 
core and jacket; 

K,=the heat transfer coefficient between the 
jacket and the constant temperature shield; 

F =1 for measurement runs; and 

F =0 for calibration runs. 


The temperatures are governed by the following 
differential equations of heat flow: 


C,dT, = P(t)dt — K,(T,—T2)dt 
and 


CodT2=F aeP(t \dt+ Ki(7; —T2)dt—KeTodt. 


Rearranging terms and substituting D for the op- 
erator d/dt, the following forms are obtained: 


K 
cl 


= 7, =H2) 


C, C, 


p+ 


and 
_Ki 
C2 


] 
T.+|D+z- 


_ Fa2P(t) 


(Ki+Ks)| T2 C, 





Solving for the temperature rise, T;4, produced in a 
measurement run in determinant form: 


P(t) 
C; 


a@P(t) 


ak 
C; 


P 
(Ki+ Kz) + ee 


i 
[D+ 


| 





Similarly, the temperature rises, 
produced during a calibration run are 


Tic and Tx 


P( 
C; 


t) 


Jo+z. (Ki+Ks) | 
2 
T1c=" 





P(t) 


] : ’ aK, 
D+ c (K+ Ki) += | 
Tc + aT x _ 


Hence 


Tim = Tx + OT x, a 





A 


It may be of interest to note the electric analog which 
is immediately obvious from the heat problem solved 
here. The circuits are shown in figure 2. If the currents 





A 





produced by the generators are 12= a1, is=asl:, 
etc., then, regardless of how the ganged switches are 
operated, 


V im= Vict aVa + agQVoce+ A a te + anV nc e 


This is a special case of Lorentz’ reciprocity relation- 
ship derived from Maxwell’s equations [7]. The heat 
flow theorem, Ty = Tic + a@2T2c, has a useful applica- 
tion to the measurement of absorbed dose with the’ 
heat loss compensated calorimeter. It means that when 
a calibration run and a measurement run with a.= 1 
are of equal duration, the powers applied to the core 
are in the ratio of the Wheatstone bridge output signals 
uncorrected for heat losses. This special case where 
a@2=1 was considered in order to predict the tem- 
perature-time variations of the core and jacket. The 
special case does not have to be duplicated nor the 
above identity used for calorimetric energy determina- 
tions, but then heat loss corrections must be made by 
the usual methods. 















































FIGURE 2. Equivalent electrical circuits resulting from the studies of the heat loss 
compensated calorimeter. 


If 1:=a4), 1s=ash. 


ayl,, then Vin@ Vic +aVectaVae+ . . - 
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The author is indebted to Ben Petree for his helpful 
comments. This work was supported by the National 
Cancer Institute, National institutes of Health, Be- 
thesda, Maryland, and by the Division of Biology and 
Medicine of the United States Atomic Eenergy Com- 
mission, Washington, D.C. A calorimeter of the design 
described for measuring absorbed dose is nearing 
completion in the NBS Center for Radiation Research, 
and an experimental program is under way. 
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Laboratory Measurements of Air Cavity Temperature in a 
Passenger Car Tire 


B. G. Simson and J. Mandel 
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(May 7, 1969) 


The air cavity temperature of a passenger car tire, running on a test wheel, was measured for 
different combinations of load, speed, and pressure. An empirical function was developed to illustrate 
the way in which the air cavity temperature of tires can be related adequately to given values of speed, 
load, and inflation pressure within the range covered by this laboratory experiment. The standard 
deviation computed from the residuals of the fit was 5 °F ( = 2.8 °C). 


Key words: Temperature sensitivity; tires. 


1. Introduction 


Excessive heat causes tire failure. Therefore, it is 
important to measure temperature buildup in different 
parts of a running tire and in the air cavity of the tire. 
Several investigators have reported on such experi- 
ments performed on passenger car and truck tires 
[l, 2, 3, 4)! D. M. Coddington et al. [1], developed 
response functions for tire temperature in road tests. 
Our work was carried out on an endurance wheel 
under controlled laboratory conditions. The study was 
conducted to determine whether the air cavity tem- 
perature of a typical passenger car tire could be fitted 
by a simple empirical function of speed, load, and infla- 
tion pressure. 


2. Equipment and Procedure 


The test wheel as well as the experimental tire 
testing procedure were in accordance with MVSS-—109 
[5]. Figure 1 shows a schematic of the experimental 
setup for measuring air cavity temperature. A therm- 
istor, potted into the tip of a steel tube, is inserted 
into the air cavity to a depth of six-tenths of the cross- 
sectional tire height. Preliminary experiments showed 
that at this depth temperature measurements were 
relatively stable. A Wheatstone bridge, connected 
to the probe through slip rings, served as a readout 
device. An oil bath on a hot plate was used to calibrate 
the probe and the bridge against a mercury 
thermometer. 

Temperature measurements were taken near the 
end of each one-hour test period. The independent 
variables and their levels were as follows: 


* Figures in brackets indicate the literature references at the end of this paper. 


Speed: 30, 40, 50, 60, 70 mph (13.41, 17.88, 22.35, 
26.82, 31.29 m/s) 

928, 1044, 1160, 1276, 1392, 1508, 1624 lbs 
(4.13, 4.64, 5.16, 5.68, 6.19, 6.71, 7.29 kN) 
24, 26, 28, 32 psi (165.47, 179.26, 193.05, 
220.63 kN/m?). 


Load: 


Pressure: 


All combinations were run. From the viewpoint of 
expedient laboratory procedure, a sequence of tests in 
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FIGURE 1. Monitoring of tire air cavity temperature. 





which all variables are allowed to change between con- 
secutive measurements is impractical: Any change in 
pressure requires a shut down of the equipment for at 
least three hours to allow the tire to come to equilib- 
rium with the environmental temperature. On the 
other hand, speed and load can be varied readily with- 
out interrupting the test. For these reasons, the experi- 
ment was run in four parts corresponding to the four 
pressure levels, taken in random order. Within each 
part, the sequence of tests corresponding to the various 
speed and load combinations was randomized. To 
increase the validity of the experiment, it was decided 
to use four nominally identical tires: 7.35-14, 4-ply 
nylon from a single manufacturer. This design involves 
a confounding of the effect of pressure with the vari- 
ability between nominally identical tires. On the other 
hand, the four-fold replication of all speed-load com- 
binations, using four separate tires, reduces the un- 
certainty of the results with respect to the effects of 
speed and load. The results found in this investigation 
will therefore have greater precision with respect to 
the effects of speed and load than with regard to the 
effect of pressure. All pressures were measured with 
the same commercial gage to within Y2 psi at the be- 
ginning of each run after the tire load reached environ- 
mental temperature, and the equipment was kept 
under controlled environmental conditions throughout 
the entire experiment. 


2 Originally the 


lan included five pressure levels: 24, 26, 28, 30, and 32 psi. However, an 
equipment break 


jown prevented testing at the 30 psi level 





3. Statistical Analysis 


Prior to an analysis of variance of the data, an esti- 
mate was obtained for the missing value in table l(a). 
This estimate was computed by fitting a straight line 
to the values in the last row of this table versus the 
column averages of the remaining rows, and taking the 
value fitted at the point corresponding to 70 mph. In 
the subsequent analysis, the value thus computed was 
considered as a genuine measurement. 

Table 2 shows result of an analysis of variance of the 
data. The interactions PXS and LXS are not significant 
at the 5 percent level. This means that the effects of 
pressure and load can be considered not to depend on 
the level of speed at which they are determined. 
Another way of stating this result is that the curves 
representing the relationship between temperature 
and pressure at various levels of speed are essentially 
parallel to each other, with a similar situation holding 
for the curves relating temperature to load. Pooling 
these nonsignificant terms with the three factor inter- 
actions yields a mean square of 20.49, as shown 
in the table. The remaining two factor interaction 
(P XL) is not significant with respect to this pooled 
value. Thus, the effect of pressure is also essen- 
tially the same at all levels of load. It may be concluded 
that the data are adequately expressed by an additive 
model. To determine the effects of speed, load, and 
pressure on temperature by the method of least 
squares, it is, therefore, sufficient to consider the 
marginal averages of the three-way array composed 
of tables l(a), l(b), l(c), and 1(d). Plots of these rela- 


TABLE 1. Air cavity temperature of a tire in °F* for different combinations of load and:speed 


A different pressure level is used for part l(a), l(b), l(c), and 1(d), respectively 





Part l(a): Pressure= 24 psi 


Part l(b): Pressure = 26 psi 





LOAD SPEED (MPH) 
(LBS) 30 40 50 60 


LOAD SPEED (MPH) 
(LBS) 30 40 50 60 





< 
t 
oe 


151] 160 

167 167 177 
162 177 186 
172 192 204 
186 201 212 
192 212 226 
205 222 232 


* BESEE 
Sead 


mal 
t 
- 


928 
1,044 
1,160 
1,276 
1,392 
1,508 
1,624 


140 
145 
150 
152 175 
170 175 
172 187 
174 190 


150 
155 
165 


157 170 
170 175 
174 185 
185 195 
190 200 
200 210 
205 220 





l(c): Pressure = 28 psi 


Part l(d): Pressure = 32 psi 





LOAD 
(LBS) 30 40 


SPEED (MPH) 
50 60 


LOAD SPEED (MPH) 
(LBS) : 50 60 





928 130 
1,044 130 


134 150 157 
150 152 172 
1,160 149 156 171 185 
1.276 158 161 183 189 
1,392 172 170 182 201 
1,508 173 174 200 199 
1,624 174 195 213 218 





928 
1,044 
1,160 


150 159 
158 162 
159 171 
1,276 169 183 
1,392 : 180 194 
1,508 19] 200 
1,624 196 208 





(t;— 32) 
1.8 


*To convert to °C, use the formula: t-= 


*No experimental value obtained because of equipment breakdown. A calculated value of 242 was inserted in this cell for the purpose 


of the statistical analysis (see text). 
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TABLE 2. Analysis of variance of tire air cavity temperature 





Source of variation | freedom squares Mean square 





87845.13 

5365.74 
41281.47 
38236.95 


1788.58 
6880.25 
9559.24 


Degree of | Sum of 
f 


IR a soahsvinn nace ve 

Pressure X Load 
ye 

Pressure X Speed 


747.95 41.55 
335.33 27.94 
756.24 31.51} 20.49% 

1121.45 15.58 


Load X ‘Speed (LxS). 
Error 








*Pooled variance. 


tionships are shown in figure 2. While the relations 
between temperature and speed and between tempera- 
ture and load are adequately represented by straight 
lines, the dependence of temperature on pressure 
shows noticeable curvature. Straight lines were fitted 
to the first two sets and a quadratic to the third set. 
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FIGURE 2. Marginal averages of temperature versus speed, 


load, and pressure. 


The final results are given by the following equation: 
T = 235.8 + 1.168S + 0.0738L — 13.035P + 0.1954P? 


where 7=air cavity temperature (°F), S=speed 
(MPH), L= load (Ibs), and P= pressure (psi). 

Figure 3 shows the computed and observed tire 
cavity temperature for a number of combinations of 
speed, load, and pressure. The standard deviation 
computed from the residuals of the fit was 5 °F 
(= 2.8 °C). 
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FIGURE 3. Computed and observed tire cavity temperature for 
several combinations of speed, load, and pressure. 


4. Conciusion 


An empirical temperature function for the air cav- 
ity temperature of a running tire was developed. 
Within given ranges of speed, load, and pressure this 
function adequately fits the air cavity temperature 
data for a particular passenger tire. It remains to be 
seen whether an equation of the above type is a valid 
expression for temperature dependence on speed, 
load, and pressure for other types of tires. 


The authors are indebted to Robert Pizer for his 
assistance in instrumentation design, and to Glenn 
Ludwig and Dallas Rhodes for implementation of 
the experiment and collection of the data. 
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Bates, R. G., Ed., Electrochemical Analysis Section: Summa 
of activities July 1967 to June 1968, Tech. Note 453 (July 1968), 
55 cents. 

This survey of the activities of the Electrochemical Analysis Sec- 
tion, Analytical Chemistry Division, covers the period July 1967 
to June 1968. An attempt is made to summarize a year’s progress 
on the technical projects of the Section in such a way as to stress the 
program and capabilities of the organizational unit as a whole. 
Brief summaries of several lines of work underway are given. 
The review describes briefly new equipment and facilities ac- 
quired during the year. A major effort devoted to acidity measure- 
ments has led to new pH standards and new reference solutions 
for pD in heavy water. Solvent effects on acid-base phenomena in 
mixed solvents have shed some light on the factors, including sol- 
vent structure, governing ion-solvent interactions. A start was 
made on the study of ion-specific electrodes and the establishment 
of standard scales for ionic activity. Equilibrium data for hydro- 
chloric acid in 92.41 wt. percent ethanol and for the ionization of 
carbonic acid in heavy water have been obtained. The establish- 
ment of conductance standards for oceanographic research was 
begun. The survey concludes with lists of the members of the 
Section staff, publications and manuscripts produced during the 
year, talks given by the staff, and committee assignments. 


Key words: Acidity; analysis; conductance measurements; electro- 
chemical analysis; electrochemistry of solutions; ionic activity; 
ion-selective electrodes; pD measurements; pH measurements; 
medium effects; solvent effects. 


Beam, A. E., Hilsenrath, J.. PRECISE: A multiple precision 
version of Omnitab, Tech. Note 446 (June 1968), 55 cents. 

This user’s manual describes PRECISE—a completely assembled 
interpretive program for the IBM 7090/7094 which enables the user 
to carry out arithmetic operations and function generation in mul- 
tiple precision (accuracy to 28 significant figures). PRECISE operates 
as a sub-monitor under the IBSYS or DC-IBSYS monitor systems. 
Appendixes describe how jobs are set up to be run under the 
PRECISE sub-monitor, and -how the system may be expanded to 
include new subroutines. The program, which responds to in- 
structions in the form of plain English sentences or contractions 
thereof, has provision for handling numbers out of the normal 
7090/7094 range. It handles numbers as large as 10 to the 10 to the 
9 power. Other features of the program include: free-field input; 
a work-sheet of 7,500 cells (3 x 2500 computer words) which can be 
dimensioned hv the user at run time (75 rows by 100 columns, 300 
rows by 25 columns (etc.)); solution of systems of linear equations 
in as many as unknowns; flexible formatting; tape handling 
facility; and row and column sums. A description of the UOM 
Multiple Precision Package (SHARE Dist. No. 3081) is included as 


an appendix. 


Key words: Elementary: functions: equation solver; double pre- 
cision; linear equation solver; magnetic tape utility program; mul- 
tiple-precision computing; multiple-precision programming; PRE- 
CISE; triple-precision, user’s manual. 


Brady, E. L., Editor, Status report National Standard Refer- 
ence Data System, April 1968, Tech. Note 448 (June 1968), 
70 cents. 


351-730 O-69—2 


This report summarizes the status of activities of the NBS Office 
of Standard Reference Data as of April 1968. It provides a detailed 
review of the data compilation activities within the seven broad 
categories of the technical scope of the program: (1) nuclear data, 
(2) atomic and molecular data, (3) solid state data, (4) thermodynamic 
and transport data, (5) chemical kinetics, (6) colloid and surface 
properties, and (7) mechanical properties. Progress in data sys- 
tems design and development and in information services are re- 
viewed. Certain problem areas of the program are identified. The 
appendix includes: (1) a listing of information and data centers as- 
sociated with the Office of Standard Reference Data, (2) publica- 
tions of the National Standard Reference Data System, and (3) 
a listing of organizations, groups, or individuals compiling or evalu- 
ating data. 


Key words: Nuclear data; atomic and molecular data; solid state 

data; thermodynamic and transport properties; chemical kinetics; 
colloid and surface properties; mechanical properties; data systems 
— and development; information services; standard reference 
ata. 


Carter, G. C., Bennett, L. H., Cuthill, J. R., Kahan, D. J., The 
NBS alloy data center: Function, bibliographic system, 
related data centers, and reference books, Tech. Note 464 
(Aug. 1968), $1.25. 

The Alloy Data Center, part of the National Standard Reference 
Data System, has two primary functions. One is to stimulate co- 
operation and coordination among the existing data centers in the 
area of the physical properties of well characterized alloys. The 
final data generated by these centers for publication should be con- 
sistent with one another where correlation or possible overlap exists. 
The other purpose is the collection (from publications as well as 
private communications), evaluation, and publication of data in 
some areas where special competence exists in the Alloy Physics 
Section. Of interest to the center are metals, semimetals, inter- 
metallic compounds, and alloys. Excluded are those materials which 
have ill-defined constitutions and heat treatments. An automated 
system has been developed to meet the bibliographic needs of the 
center. This system will be described as well as the specific prop- 
erties of interest. The system presently contains a complete an- 
notated file on papers dealing with NMR Knight shift measurements. 
The soft x-ray spectroscopy compilation is being kept up-to-date 
with the same system. 


Key words: Alloys; annotation; automated; bibliography; data; 
indexing; information; Knight shifts; metals; NMR; soft x-ray 
spectroscopy. 


Colson, J. P., Clark, E. S., Tables of solutions to Bragg’s equa- 
tion for copper, cobalt, iron and chromium K~ radiation 
and small diffraction angles, Tech. Note 461 (Aug. 1968), 50 


cents. 
Tables of solutions to Bragg’s equation are presented for the Ka 


radiation of Cu(1.541838 A*), Co(1.790260 A*), Fe(1.937355 A*), 
and Cr(2.291002 A*). The value of 26 is increased in increments of 
0.001 degree from 0.001 to 2.999 degrees and in increments of 
0.00001 radian from 0.00002 to 0.04999 radian. The solutions are 
rounded off to five digits. 





Key words: Bragg’s equation; Co; Cr; Cu; Fe; Ka radiation; small 
angle. 


Cord, M. S., Lojko, M. S., Petersen, J. D., Microwave spectral 
tables, Volume V. Spectral line listing, Mono. 70, Volume V 
(June 1968), $4.75. 

This volume is a listing of the spectral lines reported in Volumes I, 
Ill, and IV of the Microwave Spectral Tables. These lines are listed 
according to ascending magnitude of frequency and should provide 
a ready reference. 


Key words: Microwave spectra; molecular spectra; spectral lines; 
rotational quantum numbers; diatomic molecules; polyatomic 
molecules; hyperfine. 


Haar, L., Thermodynamic properties of ammonia as an ideal 
gas, VSRDS-NBS 19 (Aug. 1968), 20 cents. 

Thermodynamic functions for ammonia as an ideal gas at one 
atmosphere pressure have been evaluated. The contribution of the 
highly anharmonic out-of-plane vibrational mode, including its 
large coupling with rotation and its coupling with the other vibra- 
tional modes, is considered in detail. Tables of Cp>/R, (H°— E>)/RT, 
(E°—G°)/RT. and S°/R have been calculated at closely spaced 
intervals from 50 to 5000 °K within an overall uncertainty of less 
than 0.1 percent at 1000 °K. 


Key words: Ammonia: ideal gas; thermodynamic functions. 


Hall, L. A., A bibliography of thermophysical properties 
of methane from 0 to 300 °K, Tech. Note 367 (May 1968), 60 cents. 
References together with an abbreviated abstract are presented 
for mechanical, thermodynamic, and transport properties of 
methane from 0 to 300 °K published up to December 1967. A total 
of 660 articles have been indexed. Each article has been reviewed 
and coded with regard to properties studied, type of article (i.e., 
experimental, theoretical, etc.), and method of presentation of data. 
The temperature and pressure ranges for each property under 
consideration are also given. An index has been prepared according 
to property with four sub-categories: solid, liquid, gas up to 200 °K, 
and gas above 200 °K. 


Key words: Methane: low temperature; thermodynamic properties; 
transport properties; mechanical properties; equation of state: 
bibliography. 


Kessler, K. G., Passaglia, E., Winogradoff, N. N., Research on 
laser standards and materials at the National Bureau of 
Standards, Tech. Note 449 (June 1968), 30 cents. 

A brief report is presented on research in the areas of laser standards 
and laser materials now in progress at the National Bureau of Stand- 
ards. Included are the measurement of the power and energy output 
of lasers, their near and far field patterns and their optical properties. 
The physical and chemical properties of laser materials are studied 
in an attempt to- reiate such properties to the operating charac- 
teristics of lasers. 


Key words: Holography; laser energy; laser materials; laser power: 
laser radiometry; laser standards; laser transitions; modulation 
of lasers; near and far field patterns; optical properties. 


Marsden, C. P., Tabulation of published data on Soviet 
electron devices through October 1967, Tech. Note 441 
(July 1968) 55 cents. (Supersedes Tech. Note 265.) 

This tabulation includes published data on Soviet electron devices 
as collected from publications, mostly handbooks published by the 
various ministries and institutes of the USSR. Information is given 
on all active devices ranging from receiving to microwave devices, 
semiconductor devices, and miscellaneous devices such as, for 
example, photographic flash tubes and thermistors. 


Key words: Electron devices; electron tubes; Soviet; semiconductors. 


Mason, H. L., Editor, Calibration and test services of the 
National Bureau of Standards, Spec. Publi. 250, 1968 edition 
(May 1968), $1.75. (Supersedes Misc. Publ. 250, 1965 edition.) 


This. publication contains a descriptive listing, item by item, of most 


of the test and calibration work done at the National Bureau of 
Standards with the respective fees. The content is fully indexed, 
providing easy access to data on specific measurement services. 
Included also is information about the Bureau’s organization and 
statutory functions, the procedures for requesting tests, and the 
reports issued thereon. Throughout the text various other publi- 
cations are mentioned which form a bibliography in measurement 
techniques. This publication supersedes Miscellaneous Publication 
250— 1965 Edition, and is incorporated by reference in the Federal 
Register. 


Key words: Calibration services: fees for testing; test fee schedule; 
test procedures. 


Mosburg, E. R., Jr., Lojko, M. S., Solution of the Abel integral 
transform for a cylindrical luminous region with optical 
distortions at its boundary, Tech. Note 368 (July 12, 1968), 
25 cents. 

The use of orthogonal polynomial expansions in the calculation 
of the Abel integral transform is discussed. Particular attention 
is directed to the effects of optical and instrumental distortions when 
the luminous region is contained by a cylindrical glass tube. An 
easily calculable solution of the Abel integral is presented which 
reduces the effect of such distortions by employing a weighting func- 
tion which has a maximum at the center and vanishes at the bound- 
ary. This approach results in a more accurate solution of the Abel, 
integral transform in the case where significant optical and instru- 
mental distortions are present near the boundary of the luminous 
region. 


Key words: Abel transform; Abel inversion; plasma diagnostics; 
emissivity profile; radiance profile. 


NBS frequency and time broadcast services, radio stations 
WWV, WWVH, WWVB, and” WWVL, Spec. Publ. 236, 1968 
edition (1968), 15 cents (Supersedes Misc. Publ. 236, 1967 edition.) 
Detailed descriptions are given of the technical services provided 
by the National Bureau of Standards radio stations WWV, WWVH, 
WWVB, and WWVL. These services are: 1. Standard radio fre- 
quencies; 2. Standard audio frequencies; 3. Standard musical pitch; 
4. Standard time intervals; 5. Time signals; 6. UT2 corrections; 
7. Radio propagation forecasts; and 8. Geophysical alerts. In order 
to provide users with the best possible services, occasional changes 
in the broadcasting schedules are required. This publication shows 
the schedules in effect on January 1, 1968. Annual revisions will be 
made. Current data relating to standard frequencies and time signals 
are available monthly in the Time and Frequency Services Bulletin.' 
Advance notices of changes occurring between revisions will be 
sent to users of NBS broadcast services who request such notice 
on the basis of need.” . 


Key words: Broadcast of standard frequencies; high frequency; 
low frequency; standard frequencies; time signals; very low 
frequency. 


Passaglia, E., Ecitor, Research on high temperature materials 
at the National Bureau of Standards, Tech. Note 447 (July 1968), 
20 cents. 

The National Bureau of Standards, with support from the Advanced 
Research Projects Agency of the Department of Defense, has begun 
a program on High Temperature Materials. This program includes 
projects on properties of high temperature materials, projects on 
their preparation, and others designed to explain basic phenomena 
limiting the use of materials at high temperatures. A summary of 
the progress in this program is given here. 


Key words: High temperature materials; materials properties. 


Roder, H. M., McCarty, R. D., Johnson, V. J., Saturated liquid 
densities of oxygen, nitrogen, argon, and parahydrogen, 
Tech. Note 361 (Jan. 31, 1968), 50 cents. 

Integrated tables of pressure, volume, and temperature for the 
saturated liquid, from the triple point to the critical point, of oxygen, 





nitrogen, argon, and parahydrogen are presented. The tables inciude 
entries of integral values of temperature in both Kelvin and Rankine, 
and integral values of pressure in both atmospheres and psia. 
Volumes and densities in three different units and a density ratio 
are tabulated for each entry. Estimates of the uncertainty of the 
tabulated data are given. 


Key words: Pressure; volume; density; temperature; saturated 
liquid; oxygen; nitrogen; argon; parahydrogen; uncertainties. 


Rosenberg, S. J., Nickel and its alloys, Mono. 106 (May 1968), 
$1.25 (Supersedes Circular 592). 

This monograph reviews available information on the production, 
properties, and uses of high-purity and commercial forms of nickel, 
and on the properties and applications of its important alloys, both 
ferrous and nonferrous. It is a revision of National Bureau of 
Standards Circular 592, issued in 1958. 


Key words: Alloys; corrosion-resisting alloys; copper-nickel alloys; 
electroplating; electrical resistance alloys; heat resisting alloys; 
magnetic alloys; maraging steels; nickel; stainless steels; steels. 


Swanson, H. E., McMurdie, H. F., Morris, M. C., Evans, E. H., 
Standard x-ray diffraction powder patterns, Mono 25, Sect. 
6 (June 1968), 60 cents. 

Standard x-ray diffraction powder patterns are presented for 60 
substances. Fifty-four of these patterns represent experimental 
data and 6 are calculated. The experimental x-ray powder diffraction 
patterns are made with a Geiger counter x-ray diffractometer, using 
samples of high purity. All d-values were assigned Miller indices 
determined by comparison with theoretical interplanar spacings 
and from consideration of space group extinctions. The densities 
and lattice constants were calculated, and the refractive indices 
‘vere measured whenever possible. The calculated x-ray powder 
diffraction patterns were obtained from published crystal structure 
data. The reported peak height intensities for calculated patterns 
were converted from integrated intensities. 

Reference intensity values based upon the strongest line of corun- 
dum (113) in a 50 weight percent mixture are given for 98 materials. 


Key words: Standard; x-ray diffraction; powder-patterns; crystal; 
structure; measurements; lattice; constants; reterence-intensities. 


Tate, D. R., Acceleration due to gravity at the National Bu- 
reau of Standards, Mono. 107 (June 1968), 25 cents. 

A determination of the absolute value of the acceleration due to 
gravity was completed in June 1965 at the National Bureau of Stand- 
ards near Gaithersburg, Maryland. The determination resulted in a 
value of 980.1018 centimeters per second squared for a reference 
point on the first floor of the Engineering Mechanics Building. The 
result was published in The Journal of Research of the National 
Bureau of Standards, Vol. 70C, No. 2, Engineering and Instru- 
mentation, page 149, April-June 1966. The present paper describes 
in detail the apparatus and the techniques employed and presents 
the summarized data from which the value was derived. 


Key words: Absolute gravity; acceleration; free-fall; g; gravity; 
Potsdam. 


Wachtman, J. B., Jr., Franklin, A. D., Ed., Mass transport in 
oxides, Proceedings of a symposium held at Gaithersburg, Mary- 
land, October 22-25, 1967, Spec. Publ. 296 (Aug. 1968), $3.00. 

This publication presents the Proceedings of the Conference on 
Mass Transport in Oxides, held at the National Bureau of Standards 
in Gaithersburg, Md., from October 22 to October 25, under the 
joint sponsorship of the Bureau and the Advanced Research Projects 
Agency. Invited papers reviewed mass transport in alkali and silver 
halides as background, and topics relating to oxides including point 
defects (both experiment and theory), lattice dynamics and ionic 
interactions, atomistic mechanisms of diffusion and ionic conduc- 
tion, chemical diffusion, defect complexes, assessments of the 
experimental situation for diffusion and ionic conduction, and the 
availability of good research materials. In contributed papers, atten- 
tion was focused on color centers in alkaline earth oxides, cation 
diffusion in MgO, transport of both cations and anions in transition 
metal oxides, and coulometric and emf techniques for obtaining 


transport data. A panel discussion summarized the work of the 
conference. 


Key words: Crystal defects; diffusion; ionic conductivity; mass trans- 
port; oxides; stoichiometry. 


Watstein, D., Johnson, P. V., Experimental determination of 
eccentricity of floor loads applied to a bearing wall, Bldg. 
Sci. Series 14 (Jun® 1968), 15 cents. 

The eccentricity of the loads applied to a specially calibrated com- 
pressive strut simulating a brick bearing wall was experimentally 
determined for a variety of bearing materials and conditions of con- 
tact. In one series of tests, an I-beam was bedded in high strength 
gypsum plaster, bonded and unbonded. For the unbonded plaster 
bed the eccentricity ratio| increased with the: applied load to a 
maximum value of about 0.42, while for the bonded plaster bearing 
this ratio decreased to an average value of about 0.24 at the maxi- 
mum load. 

In the second series of tests the eccentricity was observed for an 
I-beam supported on neoprene rubber pads, capped and uncapped, 
of different thicknesses, and of different bearing length. In general 
the eccentricity ratio increased slightly with the applied load. 
Lack of intimate contact between the I-beam and the rubber pad 
4 in thick resulted in an eccentricity ratio of about 0.40, or nearly 
the same as for unbonded plaster bearing. Intimacy of contact 
produced by plaster capping resulted in a marked reduction in the 
eccentricity ratio to about 0.29; the confinement of the bearing 
length of the rubber pad to one-half of that used in previous tests 
and placing it at the extreme end of the beam, further reduced the 
eccentricity ratio to about 0.18, and to 0.13 for a rubber pad 0.25 
in thick. 


Key words: Bearing pads; bearing walls; brick masonry; design of 
bearing walls; eccentricity of applied loads. 


Wegstein, J. H., Rafferty, J. F., Pencak, W. J., Matching finger- 
prints by computer, Tech. Note 466 (July 1968), 20 cents. 

A procedure is described for determining whether two fingerprint 
impressions were made by the same finger. The procedure uses 
the X and Y coordinates and the individual directions of the minutiae 
(ridge endings and bifurcations). The identity of two impressions 
is established by matching a constellation or group of minutiae 
in one impression with a corresponding constellation in the other 
impression in terms of the relative distances and relative angles 
of the minutiae. 


Key words: Computerized-fingerprint-identification, 
pattern-recognition. 


fingerprints, 


Adams, J. W., Desch, R. F., Experimental confirmation of 
barretter substitution error, /EEE Trans. Microwave Theory 
Tech. MTT-16, No. 3, 201-202 (Mar. 1968). 

Agreement of measured values of substitution error in barretters 
with calculated values based on a theoretical analysis by Carlin 
and Sucher substantiates both the measured and calculated values. 
The confirmed theory has interesting possible applications such 
as confirmation of accuracy of existing measurement techniques 
and extension to millimeter wave power measurement. 


Key words: Microwave power measurement; Bolometer substitution 
error. 


Alley, C. O., Bender, P. L., Information obtainable from laser 
range measurements to a lunar corner reflector, Book, 
IAU-IUGG Symposium #32 on Continental Drift, Secular Motion 
of the Pole and the Rotation of the Earth, 32, 86-90 (Reidel Publ. 
Co., Dordrecht, The Netherlands, 1968). 

It has been proposed to the U.S. National Aeronautics and Space 
Administration that optical retro-reflector packages be placed 
on the lunar surface under either the Surveyor or Apollo Programs. 
Methods for measuring the range to the reflectors with an expected 
accuracy of 15 cm have been presented. The new technique is 
briefly discussed, and an analysis of the determination of geocentric 
longitude is given, indicating a potential uncertainty of 0.25 x 10-3 
seconds of time. 


Key words: Laser; lunar distance; surveyor. 
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Ambrose, J. R., Kruger, J., The stress-corrosion of Ti and 
Ti-8Al-1Mo-1V in methanol vapour, Corrosion Sci. 8, 
119-124 (1968). 

An investigation into the stress corrosion cracking of titanium and 
titanium 8A}1V-1Mo in methanol has shown that failure will occur 
in the methanol vapor phase with times to failure being at least an 
order of magnitude shorter than previously reported. Those effects, 
which significantly altered time to failure were system volume, 
metal surface condition, and environment composition. 


Key words: Methanol; stress corrosion; titanium; titanium 8-1-1; 
vapor phase failure. 


Ambs, W. J., Field-emission studies of the oxidation of clean 
nickel surfaces, Proc. 2nd Intern. Congress on Metallic Corrosion, 
New York, N.Y., Mar. 11-15, 1963, pp. 815-821 (Natl. Assoc. Cor- 
rosion Engr., Houston, Texas, 1966). 

The adsorption of oxygen on clean and slightly contaminated nickel 
surfaces and the subsequent oxidation of nickel have been studied 
by field-emission microscopy. The adsorption at room temperature 
depends strongly on crystal face, showing a considerable relative 
enhancement of emission on planes close to the {110}. This is 
interpreted as an independent confirmation of some of Germer’s 
low energy electron diffraction results. Adsorption at 77 °K shows 
no such phenomenon. Formation of oxide whiskers at 600 °C and 
of epitaxial oxide layers at higher temperatures have also been ob- 
served. Preliminary experiments on iron show that iron whiskers 
can be grown by heating iron field emitters to about 900 °C in the 
electric field. The phase transition at 910 C has also been observed. 


Key words: Emission microscopy; field-emission; nickel surfaces; 
oxidation. 


Armstrong, G. T., Calorimetry, Encyclopaedic Dictionary of 
Physics, 2nd Supplementary Volume 2, 1-8 (Pergamon Press Inc., 
New York, N.Y., Oct. 1967). 

This survey deals in separate sections with materials supplementary 
to articles on calorimetry appearing in the main work of the En- 
cyclopaedic Dictionary of Physics. Separate sections treat the 
relationship of calorimetry to thermodynamics, applications of the 
results of calorimetric measurements, current (1965) areas of ac- 
tivity in the development of calorimetric instruments and procedures, 
and the scope of calorimetric work including national and inter- 
national coordination. 

A short article on Standard Samples for Calorimetry is appended. 


Key words: Calorimetric instruments and procedures; calorimetric 
measurements; calorimetry; calorimetry to thermodynamics; stand- 
ard samples for chemistry. 


Astin, A. V., Standards of measurement, Sci. Am. 218, No. 6, 
50-62 (June 1968). 

Virtually all measurments made in science and technology depend 
upon the four independent standards for length, mass, time, and 
temperature. This article traces the development of standards for 
these four quantities, with emphasis on recent advances that make 
possible greater measurement accuracy in science and industry. 
The possibilities for achieving even greater accuracy in measuring 
the four basic quantities are discussed. 


Key words: Measurement accuracy; physical measurement; phys- 
ical standards; standards for science. 


Astin, A. V., Voluntary standardization and the government 
(fifty years of cooperation), Mag. Stds. 39, No. 6, 167-172 (June 
1968). 

A half-century of progress in cooperative development of voluntary 
national standards for science and technology is reviewed. Beginning 
with the 1919 reorganization of the American Engineering Standards 
Committee and Secretary of Commerce Herbert Hoover’s “crusade 
for standardization,” the article traces the growth of government and 
non-government agency teamwork to the present era in which some 
500 national organizations collaborate in standardization on the 
basis of consensus and continuing review and modernization. 


Key words: Voluntary standardization; government/non-government 
cooperation; safety codes; standards of quality; simplified practice 
recommendations; performance stds. 


Bates, R. G., Standardization of acidity measurements. Ex- 
tension of the pH concept to mixed solvents and heavy water, 
Anal. Chem. 40, 28A-38A (May 1968). 

The modern concept of the operational pH value is examined in 
detail. Procedures by which the NBS pH scale (based on conven- 
tional hydrogen ion activity) was established are reviewed, and it is 
shown how these same methods and concepts can be extended to 
set up useful scales for acidity in nonaqueous and mixed solvent 
systems (using the unit pH*) and in heavy water (using the unit pD). 
The availability, in the form of standard reference materials, of two 
new pH standards and three new pD standards is announced. 


Key words: Acidity scales; Deuterium oxide; nonaqueous media; 
pD; pH; pH*; pH concept; standards for acidity. 


Bennett, J. A., To avoid fatigue failures, pay attention to de- 
tails, Current Engr. Pract. 9, 12—16 (Sept. 1966). 

Several examples are cited to illustrate how apparently minor 
factors can cause fatigue fractures in engineering components. 
Failures such as these emphasize the fact that the development of 
fatigue cracks depends on the stress and strength conditions in 
small critical areas, not on the average stress in the cross section. 
Consequently the reliability of structures and machines subjected to 
fluctuating loads can be improved by eliminating sources of stress 
concentration, by improving the residual stress distribution, and by 
increasing the strength of the material at the surface. 


Key words: Fatigue; service failures; stress concentration; crack 
initiation; residual stress; surface hardening. 


Billick, I. H., Dishon, M., Weiss, G. H., Yphantis, D. A., Numerical 
solutions of the Lamm equation. IV. Rotor slowing experi- 
ments, Biopolymers 5, 1021-1028 (1967). 

This paper presents the results of a numerical solution of the Lamm 
equation for rotor slowing specified by w* = w? exp (— Art), for param- 
eters relevant for equilibrium experiments. It is shown that in the 
two component system it is theoretically possible to deduce s/D 
from measurements of the difference of concentration across the 
cell with rotor slowing, provided that the time at which the differ- 
ence reaches a maximum is known. 


Key words: Lamm equation; ultracentrifugation; sedimentation 
equilibrium; rotor slowing; numerical solutions; molecular weight. 


Billick, I. H., Schulz, M., Weiss, G. H., Quasi-equilibrium sedi- 
mentation experiments with rotor deceleration, J. Phys. 
Chem. 71, No. 8, 2496-2502 (July 1967). 

This paper presents an analysis of the rectangular approximation 
to the Lamm equation suitable for analyzing experiments with 
variable rotor speeds. The theory is applied to the case specified by 
deceleration described by w*=wé exp (— Az). It is shown that s/D 
for a two component system can be determined experimentally by 
a measurement of concentration difference across the cell at a 
specified time after the beginning of the experiment. The resulting 
experiment offers the possibility of considerable savings in time 
over conventional sedimentation equilibrium experiments. Another 
experiment, involving a quasi-equilibrium state is analyzed. It is 
found that the rate of approach to the quasi-equilibrium state is 
slower than the rate of approach to equilibrium for conventional 
sedimentation equilibrium experiments under comparable con- 
ditions. 


Key words: Equilibrium sedimentation; Lamm equation; rotor 
deceleration; ultracentrifugation. 


Bleicher, M. N., Knopp, M. L., Lattice points in a sphere, Acta 
Arith. X, 369-376 (1965). 
Let R3(x) be the remainder in the classical lattice point problem for 


a 3-sphere of radius Vx and center ©, 0, 0). We prove that as 
x7>+0, 


R3(x) =0(x3/4 log x) 
and 
R3(x) =2(x"? log log x). 
Key words: Geometry of numbers; lattice points; sphere. 





Bollacasa, D., Goldman, D. T., Importance of upscattering in 
the calculation of neutron spectra, Proc. Intern. Atomic Energy 
Agency Symp. Neutron Thermalization and Reactor Spectra, Ann 
Arbor, Michigan, July 17-21, 1967, 1, 537-554 (IAEA, Vienna, 
Austria, Jan. 1968). 

A study has been made of the effect of raising the thermal energy 
cutoff higher than .625 eV. In most neutron thermalization calcula- 
tions, the assumption is made that there is no upscattering above 
.625 eV. This may be a poor assumption especially for moderator 
models with chemically bound hydrogen even at room temperature. 
In the study, a thermal cutoff energy of 3.06 eV was chosen. This 
was done because the upscattering above this energy is small and 
this energy corresponds to that of a group in a slowing down program 
used in the calculations. Neutron spectra and group averaged cross 
sections were computed and the inadequacy of a thermal cutoff of 
.625 eV was manifested by comparisons between calculations at 
these energy cutoffs. A discontinuity can be observed in joining the 
thermal and epithermal fluxes at .625 eV, while the joining is smooth 
at 3.06 eV. This provides the possibility of directly normalizing the 
thermal neutron source to the slowing down density from the epi- 
thermal energy region. Thus, neutron spectra in the thermal and 
epithermal energy regions can be calculated in one process. Com- 
parisons were made in group constants with no upscattering in- 
cluded between .625 eV and 3.06 and with upscattering included up 
to 3.06 eV. Differences up to 9 percent were observed. These effects 
could become significant in the calculation of criticality factors if 
large resonances were present or if systems with large metal-to- 
water ratios were considered. A spectrum calculation for a SHA 
(a homogenous assembly) fuel element was compared to a measure- 
ment made of its asymptotic spectrum. Even though the agreement 
between calculation and experiment was not exact, the calculated 
spectrum closely matched the measured spectrum above .625 eV. 


Key words: Neutron; reactor spectrum; scattering; group averaging; 
cross sections; slowing down density; and epithermal energy. 


Branscomb, L. M., Twenty years of physics: atoms, molecules 
and electrons, Phys. Today 21, No. 5, 36-39 (May 1968). 

This short invited review of the field of electron atomic and molecular 
physics was prepared for the 20th Anniversary issue of PHYSICS 
TODAY. 


It contains no new technical information. 


Key words: Historical review of electron; atomic and molecular 
physics. 


Broberg, J., Leiss, J., Schrack, R. A., Wyckoff, J. M., On-line han- 
dling system for the NBS linac, JEEE Trans. Nucl. Sci. NS-11, 
No. 3, 331-337 (June 1964). 

To meet the needs of the new Linac facility at the National Bureau 
of Standards an SDS 920 digital computer has been obtained for 
concurrent on-line processing of data from several independent 
experiments. The system surrounding the computer contains several 
novel devices for allowing convenient real time operator control of 
computer functions and to provide privacy of programs by means 
of priority interrupt lines controlling the sequence of operations. A 
family of building blocks is being developed for the input of infor- 
mation. Surprisingly, the requirements of all nuclear physics experi- 
ments projected for the facility can be met with only six different 
blocks; an Analog Voltage Analog to Digital Converter, a Digital 
Register Unit, a Snectrum Analog to Digital Converter, a Scalar and 
a Group Enable Unit. [hese devices all feed information into the 
computer via Multi 
made flexible by the use of two decoding units, one for outgoing 
signals and one for sense switch type information to be used in 
computer control. The conventional computer output devices are 
supplemented in this system by direct analog, digital, graphic and 
scope output of data. 


Key words: Building blocks; computer control; digital computer; 
Linac, NBS; multiplex register unit; nuclear physics experiments. 


Bussey, H. E., Instrumentation and measurement, 1966 Digest 
of Literature on Dielectrics 30, Publ. 1496, 1-21 (National Academy 
of Sciences-National Research Council, Washington, D.C., 1966). 


A bibliography of 200 literature references is given on the instru- 


or Register Unit. The man machine interface is, 


mentation for and measurements of complex dielectric constant 
and discharge or breakdown of dielectrics. Applicable theoretical 
topics are included. 


Key words: Dielectric constant measurements; permittivity measure- 
ments; discharges in dielectrics; breakdown; instrumentation for 
dielectrics. 


Butterfield, M. A., Optical character recognition as an archival tool, 
Proc. A Pioneer Presentation of a National Symposium on the Im- 
pact of Automation and Documentation, Denver, Colo., Apr. 27-29, 
1967, pp. 101-118 (1968). 

The exponential growth of technology and records in our Third 
Industrial Revolution will require librarians and archivists to adopt 
mechanized and automated techniques to overcome problems of 
volume. A suggest input mechanization technique is Optical Char- 
acter Recognition (OCR). The history and growth of OCR is pre- 
sented along with current status and specific uses. Typical user 
experiences are described. Bibliography. 


Key words: Optical character recognition; OCR history and growth; 
OCR applications; OCR bibliography; OCR as a library tool; OCR 


as an archival tool. 


Caldwell, B. P., Kubelka-Munk coefficients from transmit- 
tance, J. Opt. Soc. Am. 58, No. 6, 755-758 (June 1968). 

A simplified method is described for the exact computation of 
Kubelka-Munk coefficients from internal transmittance measure- 
ments of two specimens of the same material where one specimen 
is twice as thick as the other. Equations are derived for determining 
the scattering coefficient S,the absorption coefficient K, the Kubelka 
parameters a and ), the internal transmittance 7;, the reflectance of 
an infinitely thick specimen p,, and the reflectance of a specimen 
with an ideal black background po. Graphs are given to estimate 
the range of error in p., S, and K as a function of estimated measure- 
ment errors in transmittance. 


Key words: Scattering; 
optical constants. 


absorption; Kubelka-Munk coefficient; 


Chappell, S. E., Humphreys, J. C., Motz, J. W., Berger, M. J., Seltzer, 
S. M., Response of silicon transmission detectors to mono- 
energetic electrons, JEEE Trans. Nuclear Sci. NS-15, No. 3, 
359 (June 1968). 

Silicon transmission semiconductor detectors with thicknesses 
of 191 and 530 wm were exposed to normally incident electrons 
with energies of 0.25, 0.50, 0.75, and 1.00 MeV. When the detector 
thickness is less than the incident electron range, the pulse-height 
distributions produced by the electrons in these detectors were 
characterized by an absorption peak and a relatively broad escape 
peak which was associated with transmission and reflection of elec- 
trons. Comparisons were made between the experimental pulse- 
height distributions and Monte Carlo results calculated for identical 
conditions. Good agreement was found between theory and experi- 
ment at 0.75 and 1.00 MeV; however, differences, that remain to be 
explained, appeared in the position of the escape peak at 0.25 and 
0.50 MeV. 


Key words: Semiconductor detectors; silicon; response function; 
Monte Carlo calculations; monoenergetic electrons. 


Childs, G. E., Hanley, H. J. M., Applicability of dilute gas trans- 
port property tables to real gases, Cryogenics 8, No. 2, 94-97 
(Apr. 1968). 

The pressure range for which published “dilute” or “low pressure” 
transport property tables may be used is experimentally defined. 
The method is based on the fact that, in a well defined temperature 
range, transport properties can be computed from kinetic theory 
expressions. The method is general but specific examples are given 
for neon, argon, krypton, xenon, oxygen and nitrogen. 


Key words: Transport properties; viscosity; dilute gas; low pressure; 
mean-free-path; dilute limit; validity range. 


Cohen, M. L, Blunt, R. F., Optical properties of SrTiO; in the 
region of the absorption edge, Phys. Rev. 168, No. 3, 929-933 
(Apr. 15, 1968). 
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The absorption coefficient, reflectivity, and electroreflectance of 
SrTiO, in the neighborhood of the fundamental absorption edge are 
reported. The absorption coefficient shows an exponential rise 
with incident energy (Urbach rule) over five orders of magnitude. 
Its logarithm has a slope of 1/kT. The data indicate that the band 
gap of SrTiOs is about 3.4 eV. Additional results for reduced SrTiO; 
show that Redfield’s model for an exponential edge is not applicable 
to this material. The reflectivity indicates structure in the region of 
3.4 eV and the electroreflectance shows appreciable signal from 
2.5 to 5.0 eV with some structure near 3.4 eV. The electroreflectance 
signal appears to be due some process other than the Franz-Keldysh 
effect. It could be due to a shift or splitting in the major oscillator 
(4.4 eV), responsible for the refractive index, with induced lattice 
polarization. 


electrore- 
strontium 


band 
perovskite; 


structure; 
reflectivity: 


Key words: Absorption coefficient; 
flectance: optical properties: 
titanate. 


Cooper, M. J., Comments on the scaling-law equation of state, 
Phys. Rev. 168, No. 1, 183-184 (Apr. 5, 1968). 

A generalization of Kadanoff's scaling arguments is shown to pro- 
vide a functional equation whose solution is a two-parameter power- 
law form for the equation of state. 


Key words: Critical indices: equation of state; scaling-laws. 


Corliss, E. L. R., A mechanistic model for the limits of auditory 
perception, Proc. Symp. on Models for the Perception of Speech 
and Visual Form, Boston, Mass., Nov. 11-14, 1964, pp. 339-343 
(Massachusetts Institute of Technology, Boston, Mass., 1967). 
From a number of apparently diverse experiments on human hear- 
ing it has proved possible to construct a simple model describing 
the limits of auditory perception for normal and impaired ears. 
The model has been applied to interpret the perception of distorted 
speech by persons with normal and impaired hearing. 

Two mechanisms are required: One element emits unit responses 
whose number is proportional to the amplitude of a sound. It is 
followed by a selector mechanism, analogous to a resonant circuit, 
that integrates the responses. Correspondingly, just two parameters 
are involved: the threshold of hearing and the “Q” of the selector 
mechanism. The theory of the selector mechanism is based upon a 
recently published study of the limits of performance of a system 
capable of storing oscillatory energy reversibly, but the remainder 
of the theoretical description makes use of,ordinary communication 
theory. 

The discriminating power of the normal ear is shown to be pro- 
portional to the one-fourth power of the level above threshold, and 
to relate closely to the sensation of loudness. This dependency re- 
sults from considering the responses of the receptor mechanism to 
be integrated in random coherence by the selector mechanism, with 
the threshold of normal hearing representing a basic “least count” 
in the selector mechanism. 

The model permits prediction of the influence of noise. upon per- 
ception by normal and impaired ears. Experimental evidence from 
noise-masked audiometry indicates that the selector mechanism is 
unimpaired in many cases of sensorineural loss. In fact, the model 
is consistent with the selector mechanism having the same “least 
count” for normal and impaired ears; the observations on the effects 
of hearing loss can be referred to defects in the receptor mechanism 
alone. Loss with recruitment corresponds to emission of spontaneous 
responses from the receptor mechanism in addition to responses to 
the incoming sound. The classical type of loss without significant 
recruitment corresponds to a depression in the number of unit 
responses to sound of a given amplitude. 

The model indicates quantitatively what has been recognized 
qualitatively: that amplification does not restore full discrimination 
in the presence of sensorineural loss. The application of the model 


to an experiment on the perception of distorted speech will be 
discussed. 


Key words: Hearing; auditory detection; mechanistic model for 
hearing; auditory discrimination. 


Corliss, E. L. R., Burnett, E. D., Kobal, M. T., Bassin, M. A., The 
relative importance of frequency distortion and changes in 


time constants in the intelligibility of speech, JEEE Trans. 
Audio Electroacoustics AU-16, No. 1, 36-39 (Mar. 1968). 

A recording technique developed by E. D. Burnett permitted changes 
to be made in the relative proportions of intermodulation and har- 
monic distortion introduced by squaring the input signal. This 
process was achieved by sending equal parts of the signal through 
a squaring device, and through a 90-degree phase dividing network 
followed by a squaring device, and combining the squared outputs. 
Coupling this procedure with the time-changing features inherent 
in the sound recording process, we were able to set up a sequence 
of intelligibility tests whose scores provided solutions to sets of 
simultaneous equations involving the variables of frequency dou- 
bling, frequency halving, and doubling and halving transition times. 
It was possible to set up an over-specified series of tests, so that more 
than one solution could be derived from the experiments. Lowering 
of the characteristic frequency proved to have the most serious 
effect upon intelligibility. The next most serious was stretching the 
transition times. Doubling the frequency by second-harmonic dis- 
tortion was considerably less damaging, though still significant. 
Reducing the transition times to half their initial values proved rela- 
tively trivial. 


Key words: Speech communication; sound reproduction; telephony; 
perception of speech; speech intelligibility; measures of speech 
auality. 


Corliss. E. L. R., Burnett, E. D., Stimson, H. F., Polyacusis, a 
hearing anomaly, J. Acoust. Soc. Am. 43, No. 0, 1231-1236 
(June 1968). 

A previously unrecognized anomaly of pitch was discovered by Dr. 
H. F. Stimson while testing his hearing. Signals above 3500 Hz did 
not produce the same pitch in each ear; the right ear’s sensation 
was that of a sound at a lower frequency, for which he also had 
normal pitch perception. Between 3700 Hz and 5200 Hz the pitch 
perceived in the right ear was independent of the frequency of the 
stimulus. As intensity was raised, additional pitches appeared and 
for an intense sound a chord was heard whose constituents were 
not harmonically related. Stimson can match these anomalous 
pitches with sinusoidal stimuli of the appropriate lower frequency 
within about 2 percent; part of this variation is a change of pitch 
with intensity. Tones in his normal pitch range having a pronounced 
overtone structure are perceived as multiple. Overtones falling in 
the anomalous range give rise to the anomalous pitch. This would 
indicate a Fourier type of analysis before pitch recognition. Beats 
are not excited by interference between the pitches evoked by 
signals in the anomalous range and those heard normally. Loudness 
studies show signal powers to be additive. Tone masking and loud- 
ness summation experiments yield data suggesting that the pitch 
recognition mechanism lies in that part of the auditory system 
in which loudness is perceived, i.e., beyond the cochlea. 


Key words: Hearing; pitch perception; diplacusis: physiology of 
hearing; masking; theories of hearing; hearing loss. 


Cornog, J. R., Bryan, H. L., Jr., Manual and machine-assisted 
search methods used in examining patent applications in 
the transistor art, Proc. Natl. Electronics Conf., Chicago, Ill., 
Oct. 25-27, 1965, XXI, 672-677 (1965). ; 

The thinking patterns of a U.S. patent examiner as he.searched 
for prior art manually and by mechanized methods are contrasted 
in this paper. The specific analysis presented is for a search of the 
U.S. Patent Office references in the transistor art, but generaliza- 
tions in the Summary are based both on this protocol and several 
from similar searches in the organo-metallics files. Some advantages 
and limitations of mechanized reference retrieval systems are 
given. 


Key words: Information retrieval; information storage; mechanized: 
methodology; optical-coincidence; patents; references; search: 
systems; thinking. 


Costrell, L., Standard nuclear instrument modules (Adopted by 
AEC Committee on Nuclear Instrument Modules January 1968), 
AEC Report TID-—20893 (Rev. 2), (Superintendent of Documents, 
Government Printing Office, Washington, D.C., 1968, 25 cents). 

The interchangeability problem posed by the advent of modular 





instrumentation has been alleviated by the development of a Stand- 
ard Nuclear Instrument Module (NIM) system by the AEC Com- 
mittee on Nuclear Instrument Modules. The Committee held its 
first meeting on March 17, 1964. The completed specifications were 
issued in July 1964 and laboratory utilization and industry exhibit 
of the NIM system began in November 1964. Acceptance by the 
laboratories and by the nuclear instrument industry has been so 
rapid and so overwhelming that it is estimated that NIM instruments 
constituted over two-thirds of the total modular nuclear instrument 
production in the United States in 1966 and between 85 percent and 
95 percent in 1967. Since all necessary components are available, 
other fields and other industries can readily adopt the system. 

Key words: Instrument; 
standard. 
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Crumlish, J. D., Wirth, G. F., A preliminary study of engineer- 
ing seismology benefits, Environmental Science Services Admin- 
istration, Coast and Geodetic Survey (Superintendent of Documents, 
Government Printing Office, Washington, D.C. 20402, Aug. 1967, 
35 cents). 

To examine the economic benefits of engineering seismology, a 
number of avenues were followed in this study. The main approach 
was a comparison of school earthquake damage records by pre-1933 
and post-1933 construction categories. (In 1933, California began 
requiring strict earthquake-resistant design for public school 
facilities.) 

This cotnparison revealed average damage of less than | percent for 
post-1933 schools compared to average damage as high as 78 per- 
cent for pre-1933 schools. School damage data for the Seattle (1965) 
earthquake and for the Alaska (1964) earthquake were also inves- 
tigated. 

Key words: Benefit-costs; cost-effectiveness; economic benefits 
studies; engineering seismology; programming, planning, budgeting 
studies; program evaluation and analysis. 


Davis, J. C., Faison, T. K., Achenbach, P. R., Errors in tempera- 
ture measurement in moving air under isothermal condi- 
tions using thermocouples, thermistors and thermometers, 
ASHRAE Trans. 73, Part I, VII 1.1 (1967). 

A study was made of the errors in measurement of the temperature 
of air moving in a duct at velocities from approximately 300 to 2000 
fpm under isothermal conditions using copper-constantan thermo- 
couples, tnermistors, and mercury-in-glass thermometers. Gen- 
erally, the indications of the three types of sensors agreed within 
0.10 degF and in many cases to within 0.05 degF when installed in 
a test duct. Experience during this study showed, however, that such 
agreement is not attainable during laboratory use unless special 
calibration, application, and observation techniques are used. The 
change in calibration of the three types of sensors during successive 
annual intervals was also investigated. The annual drift in indicated 
temperature of the sensors was usually less than 0.05 degF except 
that the drift of the copper-constantan thermocouples approached 
0.10 degF during the first year of the study. This investigation indi- 
cated that the accuracy in the measurement of temperature specified 
in testing standards for heating and air-conditioning equipment 
should be greater than 0.10 degF. 


Key words: Measurement errors; temperature measurement; 
thermocouples; thermometers: thermistors; air in ducts. 


deMain, P. A. D., Marron, B. A., The SOLID SYSTEM. I. A 
method for organizing and searching files, (Proc. Third An- 
nual Colloquium on Information Retrieval, Philadelphia, Pa., 
May 12-13, 1966), Book, Information Retrieval, A Critical View, 
Ed. G. Schecter, pp. 243-282 (Thompson Book Co., Washington, 
D.C., 1967). 

Here are described the principles of the SOLID SYSTEM, a Self- 
Organizing, Large, Information Dissemination System. In _ the 
SOLID SYSTEM, fully automatic compressors reduce both fast and 
slow (external) memory requirements to a minimum and provide 
item by item decoding by the system as the information is required. 
The computer constructs an INFORMATION REPRESENTATION 
(LABEL) and its BIT-MAPS for each document or query and then 
uses this information to locate or store information. With BIT- 
MAPS, storage requirements for LABEL are kept to a minimum. 


31 


Together LABEL and its BIT-MAPS can preserve the hierarchic 
characteristics of the query or document to any depth. Override 
features permit any degree of uncertainty in both storage and re- 
trieval. Unique non-algebraic transformation rules, easily executed 
by a computer, permit recanonicalization of LABEL and its BIT- 
MAPS to emphasize any kernel, class or group characteristic of 
the information when the system demands it. 

The SOLID SYSTEM can be implemented with successively higher 
degrees of automation as usage, funds and “computer power” 
increase, without compromising either its early implementation or 
the later development of new techniques for entering the system. 
Here chemical structural intormation 1s used to demonstrate the 


SOLID SYSTEM. 


Key words: Information; files; storage and retrieval; chemical 
structures; computer, compressions. 


DeVoe, J. R., Spijkerman, J. J., Mossbauer spectrometry, Anal. 
Chem. 40, No. 5, 472R-489R (Apr. 1968). 

A review of the literature on chemical applications of Mossbauer 
Spectroscopy for 1966 and 1967 is presented. This is done primarily 
with a table of pertinent information on compounds and techniques. 
New developments in the field are also presented. 


Key words: Review, literature, chemical applications, Mossbauer 
Spectroscopy. 


Dick, C. E., Marella, A. B., Miller, W. C., A simple beam posi- 
tioning system for low energy electrons, Nucl. Instr. Methods 
60, 346-348 (1968). 

A servo system utilizing fabricated steering coils has been devised 
to hold the electron beam from a 4 MeV Van de Graaff accelerator 
on the entrance slit of a magnet system used for high momentum 
resolution. It performs extremely well. 


Key words: Beam positioning system; low energy electrons. 


Dickson, P. F., Jones, M. C., Infrared spectral reflectances of 
metals at low temperatures, Cryogenics 8, No. 1, 24-29 (Feb. 
1968). 

Experimental results of infrared spectral reflectances of ten pure 
metals and one alloy system at low temperatures are reviewed. 
Reflectances are in many cases calculated from.published optical 
constants or obtained from absorptance measurements. Comparisons 
with room temperature measurements are made where possible and 
some observations regarding the effect of sample preparation 
technique and surface oxidation are made. 


Key words: Compilation; cryogenic; infrared; metals; reflectance. 


Dickson, R. W., Anderson, R. C., Temperature dependence of 
the elastic moduli of 91Y,0,+ 9ThO, from 25° to 1100° C, 
J. Am. Ceram. Soc. 51, No. 4, 233 (Apr. 1968). 

Young’s modulus and the shear modulus of pore-free, transparent 
yttria sintered with thoria (90 Y,.O;+10 ThO,) were determined 
from 25° C to 1100° C. Poisson’s ratio was calculated and shows a 
slight increase with increasing temperature. 


Key words: Young’s modulus; shear modulus; Poisson’s ratio; 
yttria; elastic moduli; porosity. 


Durst, R. A., Fluoride microanalysis by linear null-point 
potentiometry, Anal. Chem. 40, No. 6, 931-935 (May 1968). 

The modified fluoride activity electrode is used as the sample efec- 
trode in the technique of linear null-point potentiometry for the 
determination of fluoride at .»bnanogram levels in sample volumes 
of 10 wl. The emf vs. titrant concentration data are plotted semi- 
logarithmically, and the equivalence point is obtained by a linear 
interpolation to the null-point potential. Data analysis is also accom- 
plished by computer techniques whereby the equivalence point is 
obtained from the intercept of a linear least squares fit of the data. 
Fluoride solutions 10-* to 2 x 10-* M (containing 190 to 0.38 nano- 
grams of fluoride in 10 yl) were determined with an accuracy of 
approximately 1% over the entire range and a relative standard 
deviation of the mean of about 0.5% for 5 determinations. At the 
lowest concentration level, 2x 10-* M fluoride, the error in deter- 
mining 380 picograms of fluoride was approximately 2 picograms. 





Key words: Microanalysis; fluoride analysis; fluoride activity elec- 
trode; microcell design; linear null-point potentiometry; potenti- 
ometry. 


Durst, R. A., May, E. L., Taylor, J. K., Improved technique for 
the microdetermination of silver by linear null-point 
potentiometry, Anal. Chem. 40, No. 6, 977-978 (May 1968). 

The determination of submicrogram amounts of silver by linear 
null-point potentiometry has been significantly improved through the 
use of several modifications of the technique. Greater linearity of 
the titration curves, shorter analysis time, and improved accuracy 
are achieved by pregeneration of the standard solutions and the 
establishment of an equilibrium null-point potential. In this study, 
54 nanograms of silver in a volume of 0.1 ml were determined with 
an error of less than 2 ng, while at concentrations above 10 uM, 
errors of less than 1% are easily obtained using the improvements 
discussed. 


Key words: Linear null-point potentiometry; potentiometry; silver; 
microdetermination of silver. 


Eisenhart, C., Expression of uncertainties of final results, 
Science 160, No. 3833, 1201-1204 (June 14, 1968). 

The terms used to describe the precision and accuracy of measure- 
ments are defined and discussed. Specific rules are recommended 
for expressing the uncertainty of a reported value for four cases 
distinguished according to the relative magnitudes of the imprecision 
and the likely systematic error of the measurement process em- 
ployed. Examples of recommended forms of uncertainty statements 
are given. 


Key words: Accuracy; calibrations; expression of uncertainty; 
measurements; precision; standard error; systematic error; un- 
certainty. 


Flynn, D. R., O'Hagan, M. E., Measurements of the thermal 
conductivity and electrical resistivity of platinum from 
100° C to 900° C, Engelhard Ind. Tech. Bull. VIN, No. 4, 117-147 
(Mar. 1968). 

Measurements have been made of the thermal conductivity and the 
electrical resistivity of commercial grade platinum (99.98% pure) 


in the temperature range 100 to 900° C. The measurements have 
been made with a view to providing accurate data on the thermal 
conductivity of platinum to serve as a basis for establishing platinum 
as a thermal conductivity standard reference material. Two methods 
of measuring the thermal conductivity have been employed, one an 
electrical method and the other a non-electrical method. In the 
electrical method, a direct current passed through a necked-down 
portion of the specimen and the thermal conductivity was determined 
in terms of the temperature and electrical potential distribution in 
the necked-down regicn. The second method was of the absolute 
guarded longitudinal heat flow type. The experiment was designed 
to permit measurements by both methods in the same apparatus and 
on the same specimen thereby previding as direct a comparison as 
possible between the methods. The data given by the two methods 
agree within experimental error and show the thermal conductivity 
of platinum to be a smoothly increasing function of temperature in 
the measured range. Additional measurements on samples of differ- 
ing purities are necessary before platinum could be adopted as a 
thermal conductivity reference material. 


Key words: Conductivity; electrical conductivity; electrical resis- 
tivity; heat conductivity; Lorenz function; platinum; reference 
material; resistivity; standard; thermal conductivity. 


Freeman, D. H., Aiyar, A. S., Studies of ien exchange materials: 
homogeneous fractional sulfonation of copolymers of 
styrene and divinylbenzene, Anal. Chem. 39, No. 10, 1141-1144 
(Aug. 1967). 

The feasibility of slow sulfonation of bead-copolymers of styrene and 
divinylbenzene to give homogeneous and fractionally substituted 
ion-exchanged materials is shown. The reaction of copolymer with 
dilute solutions ot sulturic acid in nitrobenzene at 23.5° approaches 
second order kinetics at less than 60% sulfonation; at higher values 
the rate constant falls toward a value of zero at 100% sulfonation. 
Volume swelling measurements of the fractionally substituted ion- 
exchangers agree by extrapolation to corresponding measurements 
by Wiley on the fully substituted materials. 


Key words: Sulfonation; ion-exchange; kinetics; homogeneity; 
copolymer; styrene; divinylbenzene; sulfuric acid; nitrobenzene. 


Gammon, W. H., Remotes and displays, Proc. A Pioneer Presenta- 
tion of a National Symposium on the Impact of Automation and 
Documentation, Denver, Colo., Apr. 27-29, 1967, p. 119 (1968). 

Briefly describes equipment available for recording and displaying 
material in archives. The conclusion is reached that while remote 
stations, such as teletypes, may become regularly a part of archive 
service, display consoles (cathode ray tubes) may not because of 
the economics involved in putting the material in the data bank for 
later display. 


Key words: Displays; remote input devices; archives; information 
retrieval. 


Gammon, W. H., Security and privacy problems brought on by 
automation, Proc. A Pioneer Presentation of a National Symposium 
on the Impact of Automation and Documentation, Denver, Colorado, 
Apr. 27-29, 1967, pp. 74-75 (1968). 

There has recently been considerable public notice of the problems 
of the protection of privacy of the individual in connection with 
computer data banks. Three different Committees of the Congress 
have held hearings on this subject. Data banks for whatever purpose 
will have to protect the privacy of the data they collect. The presenta- 
tion discusses six areas where precautions will have to be taken to 
assure the privacy of information. One illustration (showing all of 
the areas discussed) is included with the manuscript. 


Key words; Privacy of data; computer data banks. 


Gammon, W. H., Software as it relates to documentation, Proc. 
A Pioneer Presentation of a National Symposium on the Impact of 
Automation and Documentation, Denver, Colo., Apr. 27-29, 1967, 
pp. 14-22 (1968). 

An archivist receiving a reel of tape may find that the recording was 
made on any one of 174 different makes and models of computers, 
each one with its own executive routine and operating system. Thus, 
in order to read the tape, he would have to know the characteristics of 
the tape transport on which it was produced. This contrasts with the 
situation when a reel of microfilm is accessioned, where he can 
visually determine the width of the film and the magnification re- 
quired to make it readable. 

As an indication of the content of the applicable software documenta- 
tion with which archivists need to be concerned, the presentation 
describes (using slides in the oral presentation) the components of 
a COBOL program. The paper includes illustrations of a flow chart, 
the machine language program and the COBOL version of a program 
to “compute FICA” (Federal Insurance Contributions Act). 


Key words: Software; documentation; archives; computer programs. 


Gates, D. M., Keegan, H. J., Weidner, V. R., Spectral reflectance 
and planetary reconnaissance, (Proc. Third Goddard Memorial 
Symp. Scientific Experiments-Manned Orbital Flights, Washington, 
D.C., Mar 18-19, 1965), Book, Scientific Experiments for Manned 
Orbital Flights 4, 71-86 (Western Periodicals Co., North Hollywood, 
Calif., 1965). 

The spectral reflectance of selected vegetation, animal integuments, 
and minerals from 0.26 to 22.2 microns was measured and reported. 
Strong absorption by the material of incident radiation is caused by 
pigmentation at ultraviolet and visible wavelengths due to electronic 
quantum transitions. Strong absorption in the infrared beyond about 
2.0 microns is caused by vibration-rotation quantum transitions due 
to water and organic molecules. A distinct absorption gap exists in 
the spectrum between these two wavelength regions which is ex- 
hibited by a strong reflectance in the 1.0 to 2.0 micron region. Plants 
with chlorophyll pigmentation display a very abrupt change in re- 
flectance at 0.7 micron. Animal integuments and the bark of some 
trees do not exhibit this sharp edge. The reflectance spectra of plants 
and animals have a characteristic absorption band at about 3.5 
microns due to C-H stretching. 

If there is life on Mars it may be detected by searching with spectral 
reconnaissance for the presence of a sharp edge in the spectrum of 
reflected sunlight. The spectral characteristics of sunlight reflected 
from vegetation on the Earth’s surface is described and the expected 
reflectance from Mars is discussed. 





Key words: Planetary reconnaissance; spectral reflectance; spec- 
trum of reflected sunlights; ultraviolet and visible wavelengths. 


Gould, H. A., Guernsey, R. L., Williams, R. H., Comment on the 
kinetic equation of a dilute gas with replusive and attractive 
interactions, J. Chem. Phys. Letter 47, No. 2, 872-873 (July 15, 
1967). 

The Rice-Allnatt assumption has not been confirmed for a low density 
gas. 


Key words: Rice-Allnatt equation; correlation term; dilute gas; 
Fokker-Planck equation; Boltzmann equation; hard-core potential. 


Gray, V. E., Cadoff, B. C., Survey of techniques for evaluating 
effects of weathering on plastics, Appl. Polymer Symp. 4, 85-95 
(1967). 

This paper surveys those physical and chemical test methods that 
could be applied in the prediction of the performance of plastics 
under outdoor exposure. 

Techniques to measure appearance, strength, and flexibility are 
reviewed. Color changes alone, although widely used, are shown to 
be an insufficient measure of weathering. 

The more sensitive spectroscopic and chemical test methods that 
have been found to measure oxidation and hydrolysis products in 
polymeric materials are examined for usefulness in quantitatively 
measuring plastic degradation. The methods reviewed are used to 
determine carbonyl, carboxyl, perozidic, and hydroxyl groups. 


Key words: Color and gloss measurements; colorimetric analysis; 
infrared analysis; oxidation; plastics; ultraviolet analysis; weathering. 


Gugler, A. L., A study of the adherence of procelain enamel to 
aluminum, Proc. Procelain Enamel Institute Forum 29, 202-208 
(Nov. 1967). 

A study of the mechanism of adherence of porcelain enamel to 
aluminum has yielded some interesting observations. Various alloys 
of aluminum react quite differently when porcelain enameled. 
Enameled specimens which spall, exhibit an intermediate layer 
between the enamel and the base metal. When the layer is not 
present, adherence and spall resistance are good. Magnesium 
bearing alloys tend to form a layer of MgO on the outer surface of 
the alloy which the enamel does not completely take into solution. 
Chromium applied to the surface of the aluminum before enameling 
is beneficial, particularly on magnesium bearing alloys. 


Key words: Adherence; spall; interface; magnesium; aluminum; 
chromium; porecelain enamel; electron microprobe; electron 
microscope. 


Halford, D., A general mechanical model for |/|* spectral 
density random noise with special reference to flicker noise 
1/|f|, Proc. IEEE 56, No. 3, 251-258 (Mar. 1968). 

Any class of reasonable time-dependent perturbations occurring at 
random, under certain internal constraints, generates random noise 
having a spectral density varying as | f|* over an arbitrarily large 
range of spectral frequency f only for —2 <a <0. A class is the set 
of all perturbations which are equivalent under some individual 
independent scaling of amplitude, scaling of time, and translation of 
time. A subclass is characterized by P(r) and A?(r). P(r) is the 
lifetime probability density. A4?(r) is a mean square amplitude of 
perturbations having lifetime 7. For a given class, |f|%« and | f|%o 
are the frequency-smoothed laws in the limits of infinite and zero 
frequencies, respectively. Any reasonable perturbation has a,, < — 2 
and a 20. To generate random noise having an |f|* law over an 
arbitrarily large range of f from a subclass chosen from any class 
characterized by a, and a, it is necessary that a, <a <a. For 
a, <@< a, it is necessary and sufficient that such subclasses 
satisfy the condition, P(r)A?(r) ~ Br-*-* with B constant, over a 
suitable range of 7, and that P(r)A?(r) not be larger than Br-*-* 
outside the range. This general mechanical model is of immediate 
value in the formulation and criticism of specific physical models 
of | f3° noise, including flicker noise, and in computer simulation of 
|f|* noise. 


Key words: Flicker noise; noise; random noise; spectral density; 
spectral frequency. 


Hall, M. B., Little, W. E., A directional coupler with a readily 
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calculable coupling ratio, IEEE Trans. Microwave Theory Tech. 
MTT-15, No. 11, 598-603 (Nov. 1967). 

A microwave (X-brand) directional coupler consisting of two adjacent 
parallel waveguides with a common tantalum wall about four skin 
depths in thickness has been fabricated and studied. The coupler is 
of interest, particularly in Standards work, because its coupling ratio 
can be calculated by a straight forward procedure to within experi- 
mental error (currently a few tenths of a dB in 70 + dB). 


Key words: Directional coupler; microwave; coupling ratio calcula- 
tion. 


Hamer, W. J., Battery, electric, Encyclopedia Americana 3, 
357-363 (1967). 


A brief description of the electric battery. 
Key words: Battery; electric battery. 


Hamer, W. J., Wood, R. E., Electrolytic conductivity and elec- 
trode processes, Handbook of Physics, Second Ed., Ed. E. U. 
Condon and H. Odishaw, Part 4. Electricity and Magnetism, Chapt. 
9, pp. 4-146 —4-171 (McGraw-Hill Book Co., New York, N.Y., 1967). 
This article deals with the general principles of electrolytic conduct- 
ance and the mechanism of the processes that occur at the interfaces 
between electrodes and electrolytes. Topics covered include: 
Comparisons of electrolytic and electronic conductors, classes of 
electrolytic conductors, the process of ionization in conducting solu- 
tions, the determination of the degree of ionization in strong and weak 
electrolytes, ionic charge, values of the Faraday, equations for elec- 
trolytic conductivity, meaning of equivalent and molar conductance, 
ionic conductances and transference numbers, ionic mobilities, 
effects of interionic attraction on electrolytic conductance including 
a discussion of the Debye-Hiickel-Onsager relations, high-field 
effects in conductance, conductance at high frequencies, electro- 
chemical thermodynamics, activity coefficients, standard electrode 
potentials in aqueous solutions and molten electrolytes, standard 
cells, pH determinations, irreversible phenomena at electrodes, 
electrode polarization, hydrogen overvoltage, and electric cells and 
batteries including discussions of primary batteries, secondary 
batteries, reserve or delayed-action batteries, and fuel cells. 


Key words: Electrolytic conductivity; electrode mechanisms; ion- 
ization; Debye-Hiickel-Onsager theory of conductance; transference 
numbers; ionic charge; batteries; fuel cells; electrochemical thermo- 
dynamics; standard cells. 


Hammond, H. K., Ill, Phototube response evaluation, Appl. 
Opt. 7, No. 5, 985 (May 1968). 

Phototube response has been reported for many years on a photo- 
metric instead of a radiometric base. Theoretically a radiometric 
base would be preferable, but practically it appears to offer little 
advantage. Color temperature would still be required to specify the 
spectral distribution of each standard lamp. A conversion factor 
can be computed to go from a photometric to a radiometric base for 
a given color temperature, 2870° K being the most frequently used. 


Key words: Color temperature standards; phototube response 
evaluation; total irradiance standards. 

Harris, W. P., Low frequency dielectric behavior, (Proc. Seventh 
Etecirical Insulation Conf., Chicago, Ill., Oct. 16-19, 1967), IEEE 
Publ. 32C79-42, 123-125 (1967). 

Electrical engineers, as well as polymer physicists and materials 
researchers, can gain useful information from a study of the behav- 
ior of dielectrics, and of high-megohm resistors at very low fre- 
quencies. This is illustrated by examples. 

There are two main methods of obtaining ultra-low-frequency data. 
One is to apply a d.c. voltage producing a time-dependent current 
which corresponds to an inverse frequency plot. The other is to 
use an alternating voltage, usually sinusoidal, and apply this to a 
bridge circuit including the material under study. Recent develop- 
ments in the latter methods are presented, along with some typical 
results. 


Key words: Bridge; dielectrics; dielectric measurements; dielectric 
phenomena; electrical measurements; low frequency; measure- 
ments; operational amplifiers; ultra low frequency. 





Harvey, M. E., Precision temperature-controlled water bath, 
Rev. Sci. Instr. 39, No. 1, 13-18 Van. 1968). 

The water bath described was designed primarily to furnish an 
improved environment for microwave microcalorimeters but would 
also be useful for thermometer calibration, standard cells (suitably 
insulated), and other physical and chemical measurement systems. 
The bath and its associated temperature controller operate at any 
bath temperature between 18 °C to 28 °C which is not more than 6 °C 
below the ambient temperature. The bath provides a temperature 
stability of +25 °C over a 24-hour period when measured with a 
100-second time constant. The short-term stability measured with 
a 0.7-second time constant is between + 70u °C, and + 7 °C depend- 
ing on the location within the bath and the magnitude of the energy 
exchange between the heating and cooling mechanisms. The bath 
temperature change caused by an ambient temperature change 
of 2 °C is less than 5y °C. 


Key words: Bath; temperature; control; water. 


Hayward, R. W., Nuclear electromagnetic radiation, Handbook 
of Physics, Second Ed., Ed. E. U. Condon and H. Odishaw, Part 9. 
Nuclear Physics, Chapt. 6, pp. 9-172—9-194 (McGraw-Hill Book 
Co., New York, N.Y., 1967). 

An elementary treatment of interactions of nuclei with the electro- 
magnetic field. 


Key words: Nuclear electromagnetic radiation; gamma rays; in- 
ternal conversion. 


Henrich, K. F. J., Electron probe microanalysis by specimen 
current measurement, (Proc. Fourth Intern. Symp. X-ray Optics 
and Microanalysis, Orsay, France, Sept. 7-10, 1965), Book, X-ray 
Optics and Microanalysis, Eds. R. Castaing, P. Deschamps, and J. 
Philibert, pp. 159-167 (Hermann, Paris, France, 1966). 

Under appropriate instrumental conditions, electron backscatter 
coefficients of elements and compounds can be determined quan- 
titatively in the electron probe microanalyzor, without interference of 
low energy electrons. It is shown that there is a simple relation 
between the backscatter coefficient of a binary target and those of 
its constituents. This relation can be used for quantitative analysis 
of binary specimens. The advantages and limitations of this method 
are discussed, and a practical application of the technique for quan- 
titative metallography is demonstrated. The backscatter coefficients 
of several elements have been experimentally determined at electron 
energies of 10, 20, 30, 40, and 49 keV. 


Key Words: Electron backscatter; electron probe microanalysis; 
microanalysis; specimen current 


Heinrich, K. F. J., Scanning electron probe microwanalysis, 
Am. Soc. Testing Mater. Spec. Tech. Publ. 430, 315-342 (1968). 
The combination of electron microprobe x-ray emission spectrometry 
with the scanning techniques first developed for the scanning 
electron microscope permits using the scanning electron probe as 
a microscope sensitive to elemental composition. This technique is 
particularly useful in the many applications in which spatial distribu- 
tion of one or more elements in a specimen is more important than 
local composition. Although oscilloscope representation of probe 
scanning is usually obtained by the simple technique of producing a 
dot of light for each arriving photon, more sophisticated scanning 
techniques such as expanded contrast registration and concentra- 
tion mapping can provide more quantitative information. Signals 
other than x-rays, such as target current, electron backscatter, or 
cathodoluminescence may be used for image formation. Electron 
beam scanning can also be performed in a discontinuous fashion, 
so that the electron beam irradiates in succession a number of spots 
arranged in a square or rectangular pattern, and the number of pho- 
tons registered in each position is retained in the memory of a multi- 
channel analyzer. The application of these diverse scanning tech- 
niques is illustrated. 


Key Words: Electron probe; microanalysis; x-ray spectrometry; 


scanning electron 
luminescence. 


microscopy; electron backscatter; cathodo- 


Heinrich, K. F. J., Vieth, D., Yakowitz, H., Correction for non- 
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linearity of proportional counter systems in electron probe 
x-ray microanalysis, Advan. X-ray Anal. 9, 208-220 (1966). 

While the theoretical basis for the correction of non-linearity of 
detector systems is well known, methods for the determination of 
dead time effects must be adapted to electron probe microanalyzer 
systems. Two such methods, one employing both x-ray and current 
measurements, and the other, simultaneous x-ray measurements on 
two spectrometers, are described. The effect of pulse height shrink- 
age at high counting rates on the linearity of the detector system is 
discussed. When the proposed corrections for the dead-time of 
x-ray detector systems employing proportional counters are applied 
to the x-ray intensity measurements obtained with the electron 
probe microanalyzer, count rates as high as 50,000 cts/sec can 


be used. 


Key words: Electron probe x-ray microanalysis; spectrometers; 
x-ray microanalysis. 


Heydemann, P. L. M., An ultrasonic pressure gage, J. Basic 
Eng. 89, No. 3, 551-553 (Sept. 1967). 

The transit time of short ultrasonic pulses in solid rods is used to 
measure pressures throughout the fluid range. Self-excited regene- 
rating circuits are used. Measurements to 3500 bar with an un- 
certainty of 0.3 bar and to 20 kb with an uncertainty of 2 bar are 
reported. Further improvements, temperature compensation, and 
stability are discussed. 


Key words: Fluid range; measure pressures; pressure gages; pres- 
sure-sensitive components; regenerating circuits; transit time; 
ultrasonic pulses. 


Hobbs, A. M., Remarks on network simplification, J. Operations 
Res. 15, No. 3, 548-551 (May—June 1967). 

In “The Use of Wye-Delta Transformations in Network Simplifi- 
cation”, 8 OR 1960, Sheldon B. Akers, Jr., stated two conditions 
which together were supposedly sufficient for delta-wye transfor- 
mations in networks with finite node capacities. This letter gives 
a counter-example to the sufficiency of the two conditions and em- 
phasizes that the first condition must be satisfied in any network be- 
fore delta-wye transformations can be carried out. 


Key words: Capacitated vertices; delta-wye network reductions; 
flows in networks; graph theory; mathematics; network simplifi- 
cation; single commodity flows; wye-delta network reductions. 


Huget, E. F., Brauer, G. M., Loebenstein, W. V., Apparent heats of 
wetting and heats of reaction of the components of tooth 
structure and synthetic fluorapatite, J. Dental Res. 47, No. 
2, 291-301 (Apr. 1968). 

The apparent heats of wetting AHw and heats of reaction AHx of 
ground dentin, enamel, anorganic tooth and synthetic fluorapatite 
of known specific surface were determined calorimetrically. The 
values of AA, in water are affected by the presence of collagenous 
matter. Dentin saturated with water vapor gave AHw of 0.31 cal/gm 
compared to 12 cal/gm for powder dried at 10- mm Hg. Dry dentin 
reacts with 0.006-0.6 M aqueous NH, citrate, malonic, ascorbic, 
citric and methacrylic acid as evidenced by heats of reaction AHg 
ranging from 29-56 cal/gm. These reactions at the surface are caused 
mainly by organic groups since the AHg for anorganic tooth, enamel 
and fluorapatite are much smaller on exposure to these reagents. On 
the other hand, disedium EDTA and the phsophoric acid in cola 
beverages react primarily with the mineral components of tooth 
structure. Harkins method for surface area determination applied to 
water vapor saturated samples gave approximaterly the same specific 
surface values for dentin as those obtained by the BET method, but 
gave smaller values for anorganic whole tooth tissue. These results 
of the heats of reaction of odontic powders are useful for studying 
the modification of tooth surface and in determining those groups 
that will bond to tooth structure in an aqueous environment. 


Key words: Components of tooth structure; heats of wetting of 
components of tooth structure; heats of reaction of components of 
tooth structure; dentin; enamel; fluorapatite; anorganic whole tooth. 


Hughes, E. E., Dorko, W. D., Direct mass spectrometric deter- 


mination of atmospheric carbon dioxide, Anal. Chem. 40, 
No. 6, 866-869 May 1968). 





The direct mass spectrometric determination of atmospheric carbon 
dioxide cannot be performed with any useful degree of accuracy 
because of the high concentration of oxygen in the atmosphere. By 
removing the oxygen with phosphorus it is possible to admit sufh- 
ciently high pressures of the remaining gas to determine the carbon 
dioxide with an inaccuracy of less than 1%. Since the argon content 
of the atmosphere is presumed constant, a direct comparison of the 
carbon dioxide to argon ratio should provide a fixed reference for 
future surveys. The method is rapid and requires little equipment 
other than a mass spectometer. Results obtained on analysis of rural 
air in the vicinity of Washington, D.C., are presented. 


Key words: Atmospheric carbon dioxides; mass spectrometric at- 
mosphere analysis; gas analysis; carbon dioxide. 


Hutchinson, J. M. R., Naas, C. R., Walker, D. H., Mann, W. B., 
Backscattering of alpha particles from thick metal backings 
as a function of atomic weight, /ntern. J. Appl. Radiation 
Isotopes 19, 517-522 (June 1968). 

Alpha-particle backscattering from thick metal backings has been 
studied using two separate counters with geometries of 27 and 
approximately l7 steradians. 


Key words: alpha particles; backscattering; 17; a-counter. 


Ives, L. K., Ruff, A. W., Jr., Studies of the effect of annealing 
on extended dislocation nodes in silver-tin alloys, Phys. 
Stat. Sol. 27, 117-123 (1968). 

Extended dislocation nodes have been observed by transmission 
electron microscopy and measured in several solid solution silver- 
tin alloys after annealing at elevated temperatures. The intrinsic 
stacking fault energies were determined and compared with pre- 
viously reported values for freshly deformed specimens. Only small 
irreversible changes in the fault energy were found after annealing 
up to 600 °C, in contrast to results found in some other alloy systems. 
The effect of oxygen on the node extensions in pure silver was also 
studied. 


Key words: Dislocations; stacking fault energy; silver-tin alloys; 
electron microscopy; oxygen impurities. 


Judd. D. B., Color vision and colorimetry, Handbook of Physics, 
Second Ed., Ed. E. U. Condon and H. Odishaw, Part 6. Optics, 
Chapt. 4, pp. 6-65—6-77: (McGraw-Hill Book Co., New York, 
N.Y., 1967). 

The response functions of wavelength defining the various types 
of human vision are given in terms of luminous-efficiency and color- 
matching functions. The types are trichromatic (normal, pro- 
tanomalous, deuteranomalous), dichromatic (protanopic, deutera- 
nopic, tritanopic), and monochromatic (twilight or rod_ vision). 
Measurement of color consists of determining the amounts of three 
primary colors defined by the Commission Internationale de I’Eclai- 
rage (CIE) required to match an unknown color. Equations are given 
to transform these amounts, called tristimulus values, from the 
CIE primary colors to any others. Theories of color vision are defined 
by the coefficients in the equations required to transfer the tri- 
stimulus values of a color from the CIE primaries to the set of 
primaries: implied by that theory. The main theories are three- 
component (Young, Ladd-Franklin, and early Konig for cone photo- 
pigments; Helmholtz, late Konig for cone responses), opponent-color 
(Hering for optic-nerve processes), and zone or stage theories 
(v. Kries-Schrodinger, Adams, and Miiller). Coefficients are also 
given for ten often used transformations of the CIE coordinate 
system. The uses are experimental determination of color-matching 
functions, color television, improved uniformity of color spacing, 
and measurement of color by photoelectric colorimeters. 


Key words: Anomalous trichromatism; color; colorimeter; dichroma- 
tism; luminous efficiency; photoelectric colorimetry. 


Kerns, D. M., Beatty, R. W., Book, Basic Theory of Waveguide 
Junctions and Introductory Microwave Network Analysis, 
150 pgs. (Pergamon Press Inc., London, England, 1967). 

This monograph presents material developed for a graduate course 
and found useful for reference as well. It consists of two main parts. 
Part 1, which is a relatively rigorous introduction to the matrix de- 
scription of waveguide junctions, is the foundation for Part 2, 
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which is an introductory presentation of microwave network analysis 
with particular emphasis on concepts and techniques needed in 
precise measurements. 

In Part 1, starting with Maxwell’s equations, the theory of ideal 
waveguides of arbitrary cross section is developed briefly, and 
relevant general properties are summarized. “Voltage” and “cur- 
rent” are defined for waveguides, and the requisite normalizations 
are stated as power and impedance normalizations. Impedance, 
admittance, and scattering matrices are defined for waveguide 
junctions; realizability and reciprocity conditions for these matrices 
are stated in general terms. Renormalization, sources, and joining 
equations are considered. 

In Part 2, specific applications of these fundamental relationships 
are made and additional analytical tools are developed. In particular, 
expressions are obtained for the conditions of realizability and loss- 
lessness for 2-ports, using scattering coefficients. The concepts 
of available power, efficiency, mismatch loss, attenuation, intrinsic 
attenuation, and phase shift are carefully examined and equations 
are given. Transformation of reflection coefficients by 2-ports is 
discussed and a brief treatment of 3 and 4-ports is presented. 
Finally, rules for using signal flow graphs are given and a few 
examples are worked. 


Key words: Matrix description of waveguide junctions; microwave 
network analysis; waveguide junction. 


Kneissl, G. J., Richmond, J. C., Wiebelt, J. A., A laser source 
integrating sphere for the measurement of directional hemi- 
spherical reflectance at high temperatures, (Proc. Thermo- 
physics Specialist Conf. of AIAA, New Orleans, La., Apr. 17-20, 
1967), Book, Thermophysics of Spacecraft and Planetary Bodies, 
Chapt. 1, Radiation Properties of Solids and their Measurement, 
20, 177-202 (Academic Press Inc., New York, N.Y., Dec. 1967). 
The purpose of this research was to evaluate the high-temperature 
spectral emittance of refractory metals and ceramics by measuring 
their reflectance very accurately at high temperatures. An integrat- 
ing sphere was used to measure the directional, hemispherical 
reflectance at temperatures up to 2000 °K. The accuracy of the 
measurement was practically independent of the directional dis- 
tribution of the reflected flux, which made it possible to measure 
accurately any material of any surface texture. The source used 
for this instrument was an He-Ne CW laser operated at 0.6328, 
1.15 and 3.39 wm. A narrow bandpass filter, whose peak transmit- 
tance coincided with the lasing wavelength, was placed in front of 
the detector to increase the signal-to-noise ratio. Since conventional 
sphere coatings could not be used for this high-temperature integrat- 
ing sphere, a new sphere coating had to be developed. This coating 
exhibits a high reflectance at all three wavelengths in question, 
is a very good diffuser, possesses good mechanical properties, and 
can be used in a low-pressure system. Preliminary data are shown 
for materials such as graphite, tungsten, and thorium oxide. 


Key words: 
reflectance; 
graphite. 


Reflectance; integrating sphere; high temperature 
sodium chloride coating; laser; thoria; tungsten; 


Koch, H. W., Caswell, R. S., Muehihause, C. O., Neutron measure- 
ment at the National Bureau of Standards, Nuclear News 10, 
No. 11, 48-53 (Nov. 1967). e 

The national requirements for neutron measurement standards 
are being satisfied by the present research and service programs 
of the National Bureau of Standards. These programs are based 
primarily on an NBS role as a custodian and developer of the 
equipment for neutron measurement standards. Future require- 
ments can be met by enlarging this role and by adding the role of 
a participant in information exchange and measurements of standard 
neutron cross sections. 


Key words: Neutron measurement standards; neutron cross sections; 
neutron sources; neutron radiation fields; standard reference 
materials. 


Krauss, M., Use of approximate Hartree-Fock calculations 
to estimate ionization potentials, Book, Advances in Mass 
Spectrometry 4, 575-578 (Elsevier Publ. Co., Amsterdam, The 
Netherlands, Aug. 14, 1967). 

Accuracy of calculation of the inner ionization potentials of poly- 





atomic molecules is examined for the Hartree-Fock orbital energies 
and for the Hartree-Fock ionization potential determined from neu- 
tral and ion calculations of the total energy. The routine ease of 
the orbital energy procedure is emphasized as well as the approxi- 
mate accuracy of the orbital differences. 

Correlation energy estimates are made to correct the calculated 
Hartree-Fock ionization potential for H,O. Alihough reasonable 
estimates can be obtained in this case, generally it is very difficult 
to estimate or calculate the correlation energy defined relative to 
the restricted Hartree-Fock energy. 


Key words: Ionization potential; Hartree-Fock energy; correlation 
energy; CH;F; CH;Cl, and H,O. 


Kuriyama, M., Dynamical calculation of the x-ray diffraction 
profile from a distorted crystal, J. Appl. Phys. 39, No. 4, 2162- 
2163 (Mar. 1968). 

A dynamical line-shape calculation for a distorted, parallel-sided 
crystal is given for the Laue geometry. The scattering amplitude 
previously formulated by the author is demonstrated to be indeed 
valid for an arbitrarily large distortion. 


Key words: X-ray diffraction; line broadening; scattering amplitude; 
lattice sum; absorption; distortion; theory; perfect crystal. 


Landgrebe, A. R., Pella, P. A., McClendon, L. T., DeVoe, J. R., 
Purdy, W. C., The application of substoichiometric radioiso- 
topic dilution principles to controlled potential coulometry 
and solvent extraction, Anal. Chim. Acta 39, 151-159 (1967). 
A radioisotope dilution principle has been applied to controlled- 
potential electrolysis and solvent extraction with dithizone for the 
analysis of trace amounts of cadmium. A method has been developed 
to verify whether or not the substoichiometric principle is obeyed. 
If the substoichiometric principle is not obeyed, an analysis is stili 
possible through the use of calibration curves. In order to obtain 
independent verification of the series controlled-potential method 
and to establish a means of comparison with the radioisotope dilu- 
tion technique a current integration procedure was also employed. 
A micro technique was used to extend the sensitivity of the solvent 
extraction system for cadmium. To demonstrate the application to 
real samples, a Standard Reference Material No. 108 (zinc spelter) 
and a high purity zinc was analyzed for cadmium after separation 
by a method of standard addition. 


Key words: Substoichiometric radioisotope dilution; Micro analysis; 
Trace; Coulometry; Solvent; Extraction; Cadmium; Zinc. 


Larsen, N. T., 50 microdegree temperature controller, Rev. 
Sci. Instr. 39, No. 1, 1-12 (Jan. 1968). 

A temperature controller has been developed using a platinum 
resistance thermometer in a bridge with inductively-coupled ratio 
arms. It is capable of maintaining water bath temperatures constant 
to within +25 microdegrees Celsius for 24 hours in an environment 
varying as much as+1.5 °C at any temperature from 18° C to 28°C. 
The sensitivity of the controller approaches the theoretical limitation 
imposed by Johnson noise. The design makes possible control dials 
which are direct-reading in °C. 


Key 


words: Temperature control; controller. 


Lederer. P. S., Performance pestinate pressure transducers, 
ep 


Instr. Control System 40, No. 9, 93—99 (Sept. 1967). 

This publication describes methods in one particular program at 
NBS for the performance-testing of electro-mechanical pressure 
transducers (such as telemetering transducers used in aerospace 
testing.) It covers static and dynamic calibration procedures in 
detail, delineates environmental and other tests, and describes the 
test equipment used. Examples of dynamic calibration results are 
interpreted. 


Key words: Electro-mechanical; pressure; transducer: calibration: 
performance; test method; dynamic calibration; and telemetering. 


Leiss, J. E., Electron linear accelerators as sources of high 
intensity neutron bursts, Proc. Seminar on Intense Neutron 


Sources, Santa Fe, New Mexico, Sept. 19-23, 1966, Report No. 
CONF-660925, 605-616 (1966). 

Electron linear accelerators are used as non-booster sources of 
neutrons in two distinct modes of accelerator operation, in the 
accelerator steady-state and in the transient or stored-energy mode. 
The basic neutron production process in heavy elements is examined 
and example accelerators proposed for each mode of accelerator 
operation which illustrate the present state of the art. 


Key words: Electron linear accelerator; high intensity neutron 
bursts. 


Leiss, J. E., the NBS linac, Proc. Linear Accelerator Conf., Los 
Alamos, New Mexico, Oct. 3-7, 1966, Report No. LA—3609, p. 20 
(1966). 

The NBS linear electron accelerator is a facility designed for a 
varied program in nuclear and radiation physics. Considerable atten- 
tion has been spent in the design of the facility to the needs of ex- 
periments, the:ability to rapidly (10-20 minute) switch the electron 
beam from one experimental area to another, and to providing 
experiments with high intensity electron beams having good energy 
resolution and stability. 

The NBS linac and beam handling system are now operational. 
The linac has been in use for an experimental program since March, 
1966 with experimental set-ups at the end of the accelerator. While 
we still have problems typical of a new facility, the general operation 
has been quite good. Variation of beam energy from below 10 MeV 
to 150 MeV without loss of beam has proven extremely easy and 
fast by back-phasing the last sections of the accelerator. The highest 
beam currents at which we have operated have been 0.6 milliampere 
average with about 60 kilowatts of beam power. 


Key words: Linac; NBS; linear electron accelerator; nuclear and 
radiation physics. 


Leslie, R. T., Kuehner, E. C., Ebulhhometry, Treatise on Analytical 
Chemistry 8, Part D-5, Chapt. 89, 5085-5109 (1968). 

The definition and physical significance of the temperature called 
the boiling point is discussed. It is pointed out that the temperature 
of the boiling point is sometimes confused with condensation tem- 
perature, the temperature of a boiling liquid, and similar phenomena. 
Approximate and precise methods of observing boiling points are 
described, including the use of thermal analysis and gas-liquid 
chromatography. 

Some chemical analytical applications of boiling point determinations 
are described. 


Key words: Boiling points; chemical analytical applications; ebuil- 
liometry. 


Lightbody, J. W., Jr., Penner, S., A 12-channel semiconductor 
counter system for the NBS electron scattering spectrome- 
ter, JEEE Trans. Nucl. Sci. NS-15, 419-425 (June 1968). 

A 12-channel array of lithium-drifted silicon detectors for detecting 
high energy electrons in the focal plane of a magnetic spectrometer 
is described. The detectors are movable along the focal plane and 
are backed up by two large stationary plastic scintillators. The 
scintillators are placed one behind the other, such that a count 
is recorded when a triple coincidence occurs between both scintil- 
lators and a single semiconductor detector. The system has a momen- 
tum resolution of 0.036 percent, determined by the detector size 
and the spectrometer momentum dispersion. Discriminator curves 
have been obtained which show sufficiently flat plateaus to afford 
stable counting conditions over the entire energy range of the 
spectrometer. Detector efficiency measurements have also been 
made which show that the relative efficiencies of the detectors 
are stable and known to better than two percent of their values. 
An electron scattering experiment is now in progress using these 
detectors. 


Key words: Semiconductor array; electron scattering; counting 
rate corrections; relative efficiencies; stepping motor; backup 
detectors. 


Linzer, M., Forman, R. A., NMR studies of single crystal ND,Cl, 
J. Chem. Phys. 46, No. 12, 4690-4693 (June 15, 1968). 
The 2D and “N n.m.r. spectra in single crystals of ND,Cl have 





been studied from room temperature to —175 °C. At high tem- 
peratures, motion of the ammonium ion narrows the n.m.r. reso- 
nances and averages out both dipole-dipole and quadrupole inter- 
actions. As the temperature is lowered, a linewidth transition 
occurs and quadrupole splittings of the 2D spectrum appear. No 
splitting is found for the '*N spectrum in both NH,Cl and ND,Cl. 
From crystal rotation studies, the 7D quadrupole coupling is deter- 
mined to be 180.1+1.0 KHz and the asymmetry parameter to 
be 0.00+0.01, where the stated uncertainties are the estimated 
maximum errors. 


Key words: N.M.R.; quadrupole; ND,C1; single crystal. 


Loftus, T. P., Services and facilities for the calibration of soft 
x-ray detection instruments at the National Bureau of Stand- 
ards (Proc. Conf. Detection and Measurement of X-radiation from 
Color Television Receivers, Washington, D.C., Mar. 28-29, 1968), 
Book, Conference on Detection and Measurement of X-radiation 
from Color Television Receivers, pp. 129-134 (U.S. Dept. Health, 
Education, and Welfare, Washington, D.C., Mar 1968). 

The responsibility for the maintenance of national standards of 
measurement res | the provision for access to these standards, for 
those requiring such services, is a statutory function of the National 
Bureau of Standards. In the field of x-ray exposure measurements, 
this responsibility is fulfilled by providing calibration services which 
reflect the needs of the public. 

The standard free-air chamber is the primary standard used for 
the realization of the unit of x-ray exposure, the roentgen. In the 
energy range pertinent to the problems associated with stray radia- 
tion from color TV sets, two calibration ranges are available which 
include specially designed free-air chambers and x-ray tubes. 

The equipment and calibration techniques set up, for these low- 
energy x-ray measurements, are designed to provide a calibration 
service for instruments such as those used in skin therapy. Modi- 
fication of these methods will be necessary to establish a calibration 
service for instruments used in protection measurements where 
vastly different exposure rates are encountered. Investigations are 
being carried out which will provide information regarding the 
limitations of the equipment and the modifications required. 

The instrument submitted for calibration should be appropriate 
for low-energy x-ray measurements, have a range within the limi- 
tations of the calibration equipment, and be of sufficiently high qual- 
ity that it would be expected to retain its calibration. 


Key words: Soft x-rays; calibration techniques; free-air chamber; 
cavity ionization chamber. 


Lundgren, F. A., Nargolwalla, S. S., Use of a dual sample-biaxial 
rotating assembly with a pneumatic tube transfer system for 
high precision 14-MeV neutron activation analysis, Anal. 
Chem. 40, No. 4, 672-677 (Apr. 1968). 

Imprecision in 14-MeV Neutron activation analysis is primarily 
due to nonhomogeneity and anisotropy in the usable neutron flux. 
This fact is considerably magnified in analyses pertaining to short- 
lived radioactivity such as in the determination of oxygen by 
'6Q(n, p)'®N reaction. 

A design for a variable-speed dual sample rotating assembly is 
described. This assembly allows reproducible placement of pneu- 
matically injected samples and permits both sample and standard 
to be exposed to an identical neutron flux as a result of biaxial ro- 
tation. The analytical precision, which is now most often limited by 
the total number of counts accumulated, is about 10 times better 
than that which most standard normalization techniques can provide. 
The system permits the analyst to determine both neutron and 
gamma attenuation in dense samples. 

This irradiation assembly is currently being utilized for the accurate 
and precise determination of oxygen in NBS Standard Reference 
Materials. 


Key words: Activation analysis; precision; accuracy; oxygen; sample 
rotator; design; 14-MeV neutrons. 


Lutz, G. J., DeSoete, D. A., Determination of carbon in sodium 
by photon activation analysis, Anal. Chem. 40, No. 4, 820-822 
(Apr. 1968). 

A photon activation analysis method has been developed for the 


determination of carbon in sodium. The method utilizes the photo- 
nuclear reaction '*C(y, n)!'C. The 72Na or “Na activity produced 
in the matrix by #Na(y, n)??Na or #Na(n, y)*4Na reaction is used 
as an internal standard. The carbon separation is effected by com- 
bustion of the sample in oxygen, treatment with dilute acid and col- 
lection of the radioactive carbon as CO. The time of separation 
is about 15 minutes. The detection limit is 0.5 micrograms of carbon. 
A series of five samples at the 48ppm level gave a standard devia- 
tion of 10%. A series of five samples at the 4ppm level gave a stand- 
ard deviation of 33%. 


Key words: Photon activation analysis; carbon; sodium matrix; 
internal standard; carbon separation; detection limit. 


McMurdie, H. F., Progress in X-ray diffraction data compila- 
tions, Chapter in Fifty Years of Progress in Metallorgraphic Tech- 
niques, Am. Soc. Testing Mater. Spec. Tech. Publ. 430, 192-200 
(1968). 

Crystallography is a very active field for compilation efforts, the 
largest one being concerned with phase identification. The X-Ray 
Powder Data File and Crystal Data are the principal ones for this 
use. Structure Reports and Crystal Structures are the major con- 
tinuous series reporting crystal structures. Details of the methods 
and procedures of producing data at NBS for the X-Ray Powder 
Data File are given. 


Key words: Crystallographic data; diffraction; x-ray diffraction; 
compilations. 


Mahaffey, C. T., Basic construction standards and a technical 
information center recommended at a Pan American 
seminar, ASA Mag. Std. 36, No. 12, 375-377 (Dec. 1965). 
Agreements reached at the COPANT construction seminar will 
help provide Latin American countries with the basic tools they 
need to industrialize building and stimulate their economies. 
A by product -of this meeting was the enthusiastic endorsement of 
a resolution proposing the establishment of a Pan American technical 
information center. Gathering existing data pertaining to construc- 
tion and making it readily available at the point of use, is considered 
of primary importance in meeting the growing housing problems in 
Latin America. 


Key words: COPANT; industrialized building; technical information 
center; housing problems; Latin America. 


Maienthal, E. J., Taylor, J. K., Improvement of pclarographic 
precision by a comparative technique, Mikrochim. Acta 5, 
939-945 (1967). 

Maki, A. G., Interpretation of the CS, laser transitions, 
Appl. Phys. Letters 11, No. 6, 204—205 (Sept. 1967). 

Comparative techniques are described which give an increase in 
precision of 100-fold over conventional polarography. By inter- 
changing cells during measurement, certain electrode and cell 
inequalities are minimized. Major constituents of many matrices 
may be determined on microgram-amounts of sample with a pre- 
cision as good as 2 parts in 10,000. The technique is illustrated 
by the determination of copper, cadmium, and zinc in several 
materials. 


Key words: Chemical analysis; polarography; cadmium, determina- 
tion of; copper, determination of; zinc, determination of. 


Manning, J. R., Correlation factors for diffusion of vacancies 
in binary alloys, (Proc. Subconference on Lattice Defects, Honolulu, 
Hawaii, Sept. 1965) Book, Lattice Defects and Their Interactions, 
Ed. R. R. Hasiguti, pp. 269-289 (Gordon and Breach, New York, 
N.Y., 1967). 

A vacancy in a pure cubic crystal follows a random walk. In a 
binary alloy however, a vacancy usually has a higher jump frequency 
when exchanging with one type of atom than with the other. As 
a result, a vacancy in a binary alloy does not follow a random walk. 
Partial correlation factors f4 and f® can be defined for vacancy 
jumps with A and B atoms, respectively. Then, the correlation 
factor for diffusion of vacancies is given by the weighted average 
fo=(waNafd+waNef®|(waNat+weNpg), where wa, Wa are vacancy 
jump frequencies for exchange with A and B atoms, while Na, Np 
are the mole fractions of A and B atoms. The partial correlation 
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factors also enter into the equations for the vacancy flux in a Kir- 
kendall shift experiment, but in a different combination than that 
for fy. Consideration of this flux and the theory of correlated walks 
in a driving force allows f4, f®, and f, to be calculated. Experi- 
mental applications are considered. 


Key words: Binary alloys; correlation factors; diffusion; Kirkendall 
shift; thermodynamic equations for diffusion; vacancies; calcala- 
tions. 


Margoshes, M., Selection of wavelengths for atomic absorption 
spectrometry, Anal. Chem. 39, No. 10, 1093-1096 (Aug. 1967). 
A method is described for the selection of wavelengths for atomic 
absorption spectrometry. The assumptions are made that the Beer- 
Lambert law applies approximately to the conditions of atomic ab- 
sorption spectrometry and that the absorptivity is proportional to 
the oscillator strength of the line. The method permits selection of 
the most sensitive line or,-if the absorbance measured with this line 
is too large, the selection of another line having an appropriate 
sensitivity. A test of the assumptions is made using published atomic 
absorption data, and it is shown that the accuracies of the predictions 
are adequate for the purpose of line selection. Modification of the 
theory for the case of atomic absorption with a continuum source is 
considered. 


Key words: Analysis; atomic absorption; Beer-Lambert law; con- 
tinuum source; curve of growth; oscillator strength; wavelengths. 


Margoshes, M., Scribner, B. F., Emission spectrometry, Anal. 
Chem. 40, No. 5, 223R-246R (Apr. 1968). 

A review is given of emission spectrometry and flame emission, 
atomic absorption, and atomic fluroescence spectrometry for the 
years 1966-67. Emphasis is placed on analytical applications, but 
some theoretical papers are included. The major subjects included 
are books and reviews; spectral descriptions and classifications; 
instrumentation; standards, samples, calibration, and calculation; 
excitation sources; flame emission, absorption, and fluorescence; 
trace analysis; lasers and microanalysis; and other applications. Six 
hundred and seventy-six references are listed. 


Key words: Atomic absorption spectrometry; atomic fluorescence 
spectrometry; emission spectrometry; flame photometry; isotopic 
analysis: microanalysis, review. 


Marron, B. A., deMaine, P. A. D., Automatic Data Compression, 
Commun. ACM 10, No. 11, 711-715 Nov. 1967). 

The “Information Explosion” noted in recent years makes it essential 
that storage requirements for all information be kept to a minimum. 
A fully automatic and rapid compressor, COPAK, developed for 
the SOL SYSTEM, can be used with any body of information to 
greatly reduce slow external storage requirements and to increase 
the rate of information transmission through a computer. COPAK 
will also automatically decode the compressed information on an 
item by item basis when it is required. 

The three components of COPAK, which can be used separately 
to accomplsh their specific tasks, are described in this paper: 
NUPAK for the automatic compression of numerical data, ANPAK 
for the automatic compression of any information, and IOPAK for 
further compression of information to be stored on tape or cards. 


Key words: Alphanumeric; automatic; compressor; computer; data; 
information handling; numeric. 


Marton, L., Photoelectricity, Encyclopedia of Physics, Ed. R. M. 
Besancon, pp. 512-514 (1966). 

A short introduction into the principles of photoelectricity for an 
“Encyclopedia of Physics.” 


Key words: Photoelectricity; physics. 


Marvin, R. S., Twenty years of rheology, Phys. Today (20th 
Anniversary Edition) 21, No. 5, 52-53 (May 1968). 

A summary of the principal activities in the field of rheology over 
the last twenty years. 


Key words: Rheology. 


Mattis, R. L., Phillips, W. E., Bullis, W. M., Measurement and 
interpretation of carrier lifetime in silicon and germanium, 
Tech. Rept. AFML-TR-68-81 (Air Force Materials Laboratory, 
Air Force Systems Command, Wright-Patterson Air Force Base, 
Ohio, July 1968). 

Minority carrier lifetime is a basic parameter for the specification 
of semiconductor materials for transistors, diodes, and similar 
devices. Photoconductive decay measurements are routinely made 
on many crystals used in the fabrication of these devices. Although 
this measurement suffers both from lack of precision and from limita- 
tions in the range of applicability it is the only method for deter- 
mination of carrier lifetime which has been accepted as standard. 
This report describes the results obtained during the first year of 
a continuing research project which was undertaken in order to 
determine the fundamental limitations on the precision and ap- 
plicability of this method and to develop alternate methods which 
might be more suitable under various conditions. Detailed studies 
of the photoconductive decay method were accompanied by prelimi- 
nary studies of the photomagneto-electric method, the diode re- 
covery time method, and the surface photovoltage method and a 
critical survey of the various methods which have been reported 
in the literature. The photoconductive decay method was studied 
in greatest detail. 


Key words: Silicon; germanium; carrier lifetime; photoconductive 
decay; photomagnetoelectric effect; diode recovery time; surface 
photovoltage. 


Melmed, A. J., Field emission microscopy, Book, Advances in 
Materials Research, Volume I. Experimental Methods, Ed. H. 
Herman, pp. 103-143 (Interscience Publ. Inc., New York, N.Y., 
1967). 

Field emission microscopy is reviewed. The field-electron-emission 
microscope and the field-ion microscope are treated separately, 
with a discussion of the imaging process, the capabilities, limita- 
tions, and research applications of each type of instrument. 


Key words: Field electron microscopy; field emission microscopy; 
field ion microscopy. 


Melmed, A. J., Field emission shadow microscopy, Appl. Phys. 
Letters 12, No. 3, 100-102 (Feb. 1, 1968). 

A microscope has been constructed which produces an electron 
shadow “image” of small electrically conducting objects in ultra- 
high vacuum. The microscope uses an electron field emitter as an 
approximate point source of electrons and casts a shadow of the 
object by direct projection onto a phosphor screen. When the ob- 
ject is also a field emitter, a second screen may be used to view its 
surface in the manner of a conventional field electron microscope. 
Thus far, magnifications up to 6,500, with a resolution of about 
300 A, have been realized. Magnifications of 20,000 or greater should 
easily be feasible with resolution of 10—30 A possible. 


Key words: Field emission; field electron microscope; microscope. 


Melmed, A. J., Whiskers, thin films, and applications (real 
and imagined) to mass spectrometry and biological molecule 
imaging, Book, Field-lon Microscopy, Ed. J. J. Hren and S. Ran- 
ganathan, pp. 183-212 (Plenum Press Inc., New York, N.Y., 1968). 
Four separate topics in field-ion microscopy are discussed. These 
are: Field-ion microscopy of whiskers, field-ion microscopy of thin 
films, field-ionization mass spectrometry, and biological molecule 
imaging with the field-ion microscope. Emphasis is placed on de- 
picting the current state of the art and the techniques, capabilities 
and limitations. 


Key words: Field-ion microscopy; whiskers; thin films; mass spec- 
trometry ionization sources; organic molecule imaging. 


Melmed, A. J., Layer, H. P., Kruger, J., Ellipsometry, low energy 
electron diffraction and field emission microscopy com- 
bined, Surface Sci. 9, 476-483 (1968). 

An experimental approach has been developed which simultaneously 
applies three techniques to the study of surface phenomena. This 
approach was designed to exploit the complimentary features of 
the techniques as well as to compare the measurements of each 





where they provide similar information. The observational tech- 
niques that are included in the experimental apparatus are: ellip- 
sometry, low energy electron diffraction, and field electron emission 
microscopy. Preliminary results obtained for the adsorption of 
oxygen on the (001) plane of tungsten are presented. 


Key words: Ellipsometry; low energy electron diffraction; and field 
electron emission microscopy; surface physics. 


Menke, J. L., Schrack, R. A., Feeble field feeler, Nucl. Instr. 
Methods 57, 158-159 (1967). 

A simple magnetic field detector is described which allows meas- 
urement of magnetic fields to within .1 gauss. Together with its 
associated circuits it can be used to adjust an electromagnetic 
system for minimum remanent field. 


Key words: Magnetic null; null measureable; saturable ferrite; 
remanent field; magnetic field; detector. 


Moore, G. A., Automatic scanning and computer processes 
for the quantitative analysis of micrographs and equivalent 
subjects, (Proc. Symp. Automatic Photo Interpretation, Wash- 
ington, D.C., May 31—June 2, 1967), Book, Pictorial Pattern Rec- 
ognition, Ed. G. C. Cheng, R. S. Ledley, D. K. Pollock, and A. 
Rosenfeld, pp. 275-326 (Thompson Book Co., Washington, D.C., 
1968). 

Basically identical measurement problems are treated in the micro- 
scopic branches of all material sciences and in microbiology and 
medical diagnosis. Visual-manual methods, in use over a century, 
permit determination of the relative volume of a material phase, 
and of the average size and spacing of particles of this phase. Re- 
defining a phase as the set of all areas having similar nature and a 
distinctive tone or color in a photograph, these established methods 
can be extended to several varieties of non-micrographic pictures. 
Statistical considerations require the order of one million observa- 
tions per picture to attain reasonable precision, dictating automatic 
scanning and computer processing. Treatment of phase images in 
binary format permits feasible memory capacities and processing 
time.. Production of a valid binary image requires both high pre- 
cision scanning and a battery of logical processes which can sub- 


stitute for darkroom operations and logical discriminating normally 
made by a human analyst. Other logical processes permit dissection 
and description of individual phase areas. Presently attainable 
measurement precision is an order of magnitude greater than is 
normally attained by manual methods. 


Key words: Analysis of microstructures; automatic scanning (of 
micrographs); Computer Processing (of micrographs); logical 
modification of pictures; precision scanning (of micrographs); 
quantitative microscopy. 


Mountain, R. D., Relaxation times for the volume viscosity 
of simple fluids, J. Chem. Phys. 48, No. 5, 2189-2190 (Mar. 1, 
1968). 

Effective relaxation times for the volume viscosity of a correspond- 
ing states fluid in the dense gas region are calculated using low 
frequency volume viscosity data and previously developed esti- 
mates of high frequency elastic moduli. The times are found to be 
on the order of 10-" seconds. 


Key words: Volume viscosity; relaxation time for volume viscosity; 
time correlation function; elastic moduli in liquids; corresponding 
states fluid; shear relaxation time. 


Mountain, R. D., Zwanzig, R., Anomalous transport properties 
of a van der Waals gas, J. Chem. Phys. 48, No. 4, 1451-1458 
(Feb. 15, 1968). 

The contribution of the long range potential to the transport coefh- 
cients of a van der Waals gas in the critical region are calculated 
using the time correlation function methods. The microscopic cur- 
rents are expanded in terms of wave vector dependent density 
fluctuations, (found previously by van Kampen), whose time de- 
pendence is assumed to be described by the linearized hydro- 
dynamic equations. Self consistent solutions for the thermal con- 
ductivity and volume viscosity are found to diverge near the critical 
point. The fluctuation correction to the specific heat at constant 
volume is found to diverge as |T7—T7,|~"?. The fluctuation correc- 
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tion to the equation of state indicated that these calculations are 
at best meanifigful only in the critical region because the critical 
point is an apparent rather than a true critical point. 


Key words: Van der Waals gas; critical phenomena; thermal con- 
ductivity; shear viscosity; volume viscosity; heat capacity; fluctua- 
tion and time correlation function. 


Nargolwalla, S. S., Crambes, M. R., DeVoe, J. R., A technique for 
the evaluation of systematic errors in the activation analysis 
for oxygen with 14-MeV neutrons, Anal. Chem. 40, No. 4, 
666-671 (Apr. 1968). 

In comparative 14-MeV neutron activation analysis of oxygen, the 
neutron and gamma ray attenuation differences in the sample and 
standard introduce systematic errors. A quantitative evaluation of 
these attenuation processes in a wide range of matrices and for 
three sample diameters is given. 

The experimentally determined correction factor, in each case, 
shows an exponential dependence on the calculated difference 
between the appropriate attenuation coefficients for sample and 
standard. Over the range of sample diameters tested, the slope of 
each calibration line is linearly dependent on the sample diameter. 
For comparable diameters, the magnitude of the slope for neutron 
attenuation is approximately ten times greater than for gamma at- 
tenuation. These calibration lines are used to predict attenuation 
correction factors for the determination of oxygen in other matrices. 
Some typical analyses of Standard Reference Materials, corrected 
for attenuation, illustrate the high degree of accuracy and precision 
obtained. 


Key words: Neutron and gamma-ray attenuation; correction factors; 


14-MeV activation analysis; oxygen; removal cross section; sys- 
tematic errors. 


Page, C. H., Electronic circuits, Handbook of Physics, Second Ed. 
Ed. E. U., Condon and H. Odishaw, Part 4. Electricity and Magnet- 
ism, Chapt. 4, pp. 4-45—4-52 (McGraw-Hill Book, Co., New York, 
N.Y., 1967). 

A brief outline of the properties and analysis of nonlinear and active 
electrical circuit elements, with reference to modulation, demodula- 
tion, harmonic generation, parametric amplifiers, and gyrators. 


Key words: Nonlinear; active; modulation; demodulation; harmonic 
generation; parametric amplifier; gyrator. 


Parker, R. L., Report on the 1966 Boston International Con- 
ference on Crystal Growth, Proc. 1966 Intern. Union Crystallog- 
raphy, Moscow, U.S.S.R., July 12-21, 1966, 7, 341-354 (Academy 
of Sciences, Moscow, U.S.S.R., 1968). 

A report on the 1966 Boston International Conference on Crystal 
Growth (ICCG) is presented. The purpose of the interdisciplinary 
conference was to further the science and art of crystal growth by 
providing a forum for reperting and discussing recent original re- 
search in this field. Some data on the ICCG itself are given—its 
purpose and organization, registrants, and counties represented. 
Then brief summaries are given of 22 papers selected from the 170 
papers presented at the conference. These papers dealt with such 
subjects as: Stability, Kinetics, Nucleation, Solidification, Whisker 
Growth, Phase Diagrams, Growth and Perfection. At the conference, 
particular attention was paid to certain macroscopic problems 
involved in crystallization, especially morphological stability and 
thermal convection. 


Key words: Crystal; crystal growth; crystal morphology; interface 
kinetics; international conference; ICCG; 1966 ICCG. 


Patty, O. L., Little, W. E., Zanboorie, M. H., Waveguide connector 
measurements with a millimeter wave reflectometer, /EEE 
Trans. Microwave Theory Tech. MTT-16, No. 2, 121—123 (Feb. 1968). 
A system is described which extends reflection coefficient measure- 
ment techniques to (60-90 GHz) “E-band.” Special apparatus and 
procedures are discussed. A new graphical presentation of re- 
flectometer data is given which simplifies the measurement of 
connector impedance. Examples of the measured reflection coefh- 
cient of some common E-band connectors are given. 


Key words: Reflectometer; millimeterwave; WR-12; connector. 





Penner, S., Handling high power electron beams, /EEE 
Trans. Nucl. Sci. NS-14, 908 (June 1967). 

li recent years accelerators have been designed and built which 
produce beams of extremely high power, current, and charge-per- 
pulse. The handling of these beams presents a number of difficult 
problems. Among these problems are: removal of large heat flux, 
fatigue failure of components due. to pulsed nature of the beam, 
radiation damage of materials, corrosion, residual radioactivity, 
and chemical effects such as radiolysis of water and production 
of noxious gases. Consideration of these problems strongly influences 
the overall designs of beam handling systems, as well as the designs 
of specific components. Examples of the problems encountered 
and the solutions adopted in various electron accelerator labatories 
will be discussed. 


Key words: Accelerators; electron beams; beam handling; high 
power electron beams. 


Penney, R. W., Phillips, C. W., Refrigeration requirements for 
truck bodies — effects of door usage, USDA Tech. Bull. No. 1375 
(Superintendent of Documents, Government Printing Office, W ashing- 
ton, D.C. 20402, Nov. 1967, 10 cents). 

The selection of a refrigerating system of adequate capacity for use 
in a refrigerated truck body requires knowledge of system capacity 
and the total cooling load. Rating and testing methods to establish 
system capacity and body cooling load due to heat transmission and 
air infiltration are now available. The cooling load caused by air 
exchange during door usage in a refrigerated truck used in local 
delivery service can be the largest part of the toal cooling load. 
A means to determine this door-usage cooling load is needed and 
this technical bulletin presents such a method. Laboratory tests 
of four refrigerated truck bodies were made under controlled condi- 
tions of 0 °F temperature in the truck body and 100 °F temperature 
and 50 percent relative humidity in the test room to determine the 
air exchange and cooling load resulting from door openings of one 
to three minutes in duration. The effect of cargo loading on air ex- 
change was determined. A brine refrigerating system was used to 
obtain the initial steady-state temperature conditions, and liquid 
nitrogen was then used to determine increases in cooling loads 
caused by opening the door. Helium gas was used as a tracer to 
measure the air exchange resulting from door usage. Tests showed 
that a l-minute door opening can cause air temperature inside the 
truck body to rise as much as 60 degrees F with more than two com- 
plete air changes, and a cooling load of more than 2000 B.t.u. 
Formulas were developed to estimate the amount of air exchange 
and the cooling load caused by door opening. 


Key words: Refrigerated trucks: door usage; cooling load; air ex- 
change; helium trace measurement; testing method; and calculation 


method. 


Roder, H. M., The thermal conductivity of helium gas at 
moderate pressures, Proc. Thermodynamik Symp., Heidelberg, 
Germany, Sept. 1967, Sponsored by the International Union of 
Pure and Applied Chemistry, Ed. K. L. Schafer, Paper No. VI-3, 
pp. 1-8 (1968). 

The apparatus used is a doubly-guarded flat plate calorimeter in 
which the cell constant is determined by a capacitance method. 
Experimental values of the thermal conductivity of helium gas are 
presented for 15 isotherms between 20 and 282 °K at pressures from 
1 to 30 atmospheres, except for the 50 °K isotherm which extends to 
50 atmospheres. The highest density is, thus, just under the critical 
density. The results are analyzed in terms of their density and 
temperature dependence. 


Key words: Thermal conductivity; helium gas; experimental meas- 
urement; parallel plate method; capacitance method; critical 
density. 


Ronn, A. M., Laser induced infrared fluorescence, J. Chem. 
Phys. 48, No. 1, 511-513 Yan. 1968). 

Laser induced infrared emission has been observed in several 
gases which have absorption bands in the vicinity of the CO, laser's 
frequency. Ethylene showed an intense emission spectrum at an 
optimal pressure of 50 mm demonstrating that the efficiency of 
collisional transfer is sufficient to populate all, or most, members 
of a room temperature vibrational band when one or two vibration- 


rotation lines are strongly irradiated by the laser. Ammonia showed 
some irregularities in the emission spectrum which are currently 
under investigation. 


Key words: Laser; infrared; emission; ethylene; carbon dioxide; 
ammonia. 


Rosenstock, H. M.. Theory of mass spectra—A general review 
(Proc. Conf. on Mass Spectrometry, Berlin, Germany, Sept. 1967), 
Book, Advances in Mass Spectrometry 4, 523-545 (The Institute of 
Petroleum, London; England. 1968). 

In this paper we shall discuss developments in the theory of mass 
spectra since 196]. At that time an appraisal of the status of theory 
was presented; the main conclusions of which were as follows: 

1. Quasi-equilibrium theory can reasonably account for the general 
features of mass spectra. 

2. Quantitative disagreement between theory and experiment was 
in large measure due to poor mathematical approximations made 
in enumerating densities of states of reactants and activated 
complexes. 

3. Non-equilibrium or non-equilibration effects were difficult to 
predict a priori, but some meaningful tests could be made by 
designing experiments to study the effects of different initial prepa- 
ration on the subsequent kinetic behavior of ions. 

Since the publication of these conclusions, considerable work has 
been done on enumeration of states, calculation of mass spectra 
and breakdown curves, detailed energization and fragmentation 
mechanisms, behavior of metastable transitions, initial preparation 
effects, and quantum-mechanical theory of ion decomposition. These 
subjects will be discussed in detail below. 


Key words: Franck-Condon factors; theory of mass spectra; uni- 
molecular dissociation. 


Saunders, J. B., Precision measurements, Book, Advanced 
Optical Techniques, Chapt. 1, pp. 3-22 (North-Holland Publ. Co., 
Amsterdam, The Netherlands, 1967). 

This paper contains methods and instrumentation for making pre- 
cision measurements in a limited field of optical engineering. The 
fundamentals of all the included material has been published 
previously. The subjects that have been covered here are: refractive 
indices, wavelength measurement, testing of optical surfaces, 
surface plate testing, temperature measurement by optical methods, 
expansion measurements, lens and mirror testing, and the measure- 
ment of double stars. 


Key words: Optical engineering; precision measurement; refrac- 
tive indices; wavelength measurement; testing of optical surfaces; 
surface plate testing; temperature measurement by optical methods; 
expansion measurements; lens and mirror testing. 


Schneider, W. E., Garvey, J. A., Procedures for determining 
the spectral responsivity of an infrared radiometer, Appl. 
Opt. 7, No. 6, 1141-1148 (June 1968). 

With the increasing number of commercial radiometers employing 
rather varied and sophisticated optical designs, the determina- 
tion of the spectral responsivity of these radiometers had accord- 
ingly become more involved. A joint National Bureau of Standards — 
U.S. Army* calibration of an infrared radiometer was conducted 
at the White Sands Missile Range facility. The radiometer chosen 
for the measurements employed an uncooled PbS detector with an 
8 inch Cassegrainian optical system. The selection of this particu- 
lar type of instrument permitted two methods of measurement 
(each employing different standards and techniques) to be investi- 
gated. The methods of calibration and the uncertainties associated 
with each method are described and the application of the respon- 
sivity values to field measurements is discussed. The agreement 
of the spectral responsivity values as determined by each method 
is within the estimated uncertainty computed for each procedure. 


Key words: Infrared radiometers; calibration techniques; radiom- 
etry; radiometric standards; spectral responsivity. 


Scribner, B. F., Advances in excitation sources for spectro- 
chemical analysis, Pure Appi. Chem. 10, 579-594 (July 21, 1967). 
Recent developments are reviewed in methods of exciting spectra, 
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with emphasis on sources for spectrochemical analysis. The subjects 
discussed include fuel-rich flames, the high-frequency torch, the 
plasma jet, arc and spark discharges in controlled atmospheres 
and the laser probe. 


Key words: Arc discharge; excitation sources; fuel-rich flames; 
high-frequency torch; laser probe; plasma jet; spark discharge; 
spectrochemical analysis. 


Sengers, J. M. H. L., On the determination of virial coefficients 
from PVT data, Proc. 4th Symp. Thermophysical Properties, 
University of Maryland, College Park, Md., Apr. 1-4, 1968, pp. 37- 
44 (American Society of Mechanical Engineers, New York, N.Y., 
1968). 

In calculating coefficients of a power series expansion from experi- 
mental data, several factors besides experimental precision affect 
the standard error of these coefficients. Using the principles of 
statistical analysis, the effects of the factors: interval size, extra- 
polation, number, relative weight and distribution of experimental 
points have been studied by high-speed computer experiments. 
For gas PVT data a density expansion is possible and approximate 
theoretical knowledge of the first five virials is available. This 
enables formulation of experimental conditions—other than im- 
proved precision—leading to decreased standard error in one or 
more of the first four virials. 


Key words: Virial coefficients; density expansion; PVT; statistical 
analysis; gas thermometry; power series coefficients. 


Sengers, J. V., Triple collision contribution to the transport 
coefficients of gases, (Lectures presented at the Theoretical Physics 
Institute, University of Colorado, Boulder, Colo., Summer 1966), 
Book, Lectures in Theoretical Physics. Vol. IXC. Kinetic Theory, 
Ed. W. E. Brittin, pp. 335-374 (Gordon and Breach, New York, 
N.Y., 1967). 

The effect of triple collisions on the transport coefficients of gases is 
discussed. In particular the triple collision integrals determining 
the first density correction to the viscosity and thermal conductivity 
of a gas of rigid spheres are derived and estimates are presented 
for these integrals. By applying the method to a two dimensional 


gas of rigid disks, an analysis is given of the logarithmic density 
dependence of the transport coefficients. 


Key words: Transport properties; viscosity; thermal conductivity; 
diffusion; triple collisions; rigid spheres; rigid disks; dense gases. 


Simmon, J. H., Macedo, P. B., High temperature shear ultra- 
sonic interferometer using sensitive mhase-lock detection 
system, J. Acoust. Soc. Am. 43, No. 6, 12-95-1301 (June 1968). 

A high temperature (up to 1600 °C) ultrasonic (3 to 23 MHz) inter- 
ferometer having two single-crystal molybdenum transmission 
lines was used to study the propagation properties of shear waves 
through molten glasses. Shear velocity and absorption of the trans- 
mitted echoes were measured in a temperature range which covered 
the major part of the relaxation region of a molten glass. The highest 
value of absorption per wave length for which measurements were 
still possible was 5.4 nepers/cycle; over twice the value from pre- 
viously reported equipment. A feature which made this work pos- 
sible was the use of a lock-in amplifier in the video circuit. This 
method of handling the transmitted echoes not only suppressed 
noise by 25 dB, but also permitted measurements of pulse heights 
to better than 0.1 dB. The video circuit is independent of the r.f. 
and can be used with most existing pulsed ultrasonic systems. 


Key words: Ultrasonic interferometer; high temperature ultrasonic 
interferometer; shear relaxation measurements in molten glasses; 
lock-in amplifier system; phase-lock detection system. 


Spokas, O. E., The NBS linac master control and personnel 
protection system, /EEE Trans. Nucl. Sci. NS-14, 1016 (June 
1967). 

The operation of the NBS linear accelerator and its beam handling 
equipment has been integrated with personnel and equipment pro- 
tection safeguards and with the occupancy requirements of the 
linac complex. A mode switch is used to select beam direction and 
experimental area, and to program the requirements for personnel 
protection interlocks, beam handling system conditions, building 


mechanical services, experimental area services, and linac opera- 
tion. The system includes visual and audible devices to indicate 
degree of readiness, hazards, faults, interlock information, zone 
of operation and emergency situations. A forced inspection of 
potentially dangerous zones, programmed cued taped warning 
announcements, key interlocks, and flexibility are built-in features. 
It offers the capability of providing maxiinum protection to personnel 
against environmental radiation hazards, and allows utilization 
of a maximum of laboratory space for varied beam conditions. 


Key words: Personnel and equipment protection system; linear 
accelerator safety; linear accelerator utilization. 


Stern, K. H., Ion diffusion into fused silica from molten salts, 
J. Phys. Chem. 72, No. 6, 2256-2259 (June 1968). 

Compositional changes of fused silica containing a few ppm impuri- 
ties resulting from immersion of the glass in molten salts were 
studied. At 570 °C immersion in AgCl and AgBr results in 1:1 
exchange of Ag* with Na* (glass). At 890° immersion in NaCl, 
KCl, and AgCl, respectively, increases the ionic concentration 
in Na*, K+, and Agt above the initial total (Na* + K++ Lit). Cl- 
diffusion is virtually absent. Possible interpretations of these 
results are presented. 


Key words: Ion exchange; glass; molten salts. 


Stern, K. H., Membrane potentials and ion selectivity of 
fused silica in molten salts, J. Phys. Chem. 72, No. 6, 1963- 
1975 (June 1968). 

The effect of alkali metal cations on membrane potentials at the 
molten salt-fused silica interface has been studied using the con- 
centration cell Ag/AgCl, M,Cl, M,Cl . . .|glass|M,Cl, M1]. . ., 
AgCl|Ag where M,, Mz . . . are alkali metal cations and several 
types of fused silica and Vycor. The ion exchange theory is more 
appropriate for the interpretation of the data than the liquid junc- 
tion theory, but the application of the theory requires detailed data 
on ion exchange and ionic mobility in fused silica which are not 
yet available. 

The effect of anions on the membrane potential was studied with the 
cell M|MCI, NaCl|fused silica|MBr, NaBr|M where M=Ag, Tl, 
and Pb. The results for the three metals are quite analogous. The 
emf of the cells could be calculated by straightforward thermody- 
namic methods, without the assumption of specific anion-glass inter- 
actions. The emf measurement of these cells at low sodium halide 
concentration can also serve as an analytical tool for sodium deter- 
minations down to 10-* mole %, but not lower. 


Key Words: Membrane potentials; ion selectivity; fused silica; 
molten salts. 


Sukle, D. J., Wells, J. S.. EPR sample orientation servo, Rev. 
Sci. Instr. Notes 39, No. 4, 604-605 (Apr. 1968). 

A device which permits one to change the orientation of an EPR 
sample with respect to the cavity without removing either from the 
spectrometer is described. The sample orienter is essentially a 
mechanical servo comprised of two ball and socket joints which 
are constrained by four lengths of cotton thread to move together. 


Key words: Membrane potentials; ion selectivity; fused silica; 
paramagnetic resonance. 


Swartzendruber, L. J., Bennett, L. H., Line profiles in the nuclear 
magnetic resonance and Mossbauer effect of TiFe,_, Co, 
alloys, J. App!. Phys. 39. No. 5, 2215-2220 (Apr. 1968). 

The *7Fe Mossbauer effect (ME) and the Co nuclear magnetic res- 
onance (NMR) have been investigated as a function of alloy concen- 
tration, temperature and stoichiometry in TiFe,;_, Co; alloys over 
most of the range 0<X<1. At room temperature, in carefully 
prepared samples, a single narrow *7Fe ME line was observed for 
all values of x. This line broadened only slightly at low temperatures 
although the magnetic properties of these alloys would have led one 
to expect a larger broadening at certain compositions. The Co 
NMR line width was relatively narrow for x close te 0 or 1 and was a 
strong function of x as well as of magnetic field. he intermediate 
compositions displayed resolved satellite structures. Annealing 
reduced both the ME and NMR linewidths. Deviations from stoi- 





chiometry and internal oxidation were readily observable from their 
effect on the ME line profile. Both the ME and NMR results are 
consistent with a CsCl structure over the entire composition range. 
The NMR results indicate a lack of ordering on the Co, Fe sublattice. 


Key words: Intermetallic compounds; Mossbauer effect; nuclear 
magnetic resonance; line structure: Ti; Fe; Co; internal oxidation. 


Swartzendruber, L. J., Bennett, L. H., Méssbauer line structure 
in “‘nonmagnetic”’ Cu-Fe and Cu-Ni-Fe alloys, Physics Letters 
27A, 141-142 (1968). 

The high temperature *7Fe Mossbauer effect residual line structure 
in Cu-rich Cu-Fe and Cu-Ni-Fe alloys is reinterpreted as being of 
magnetic origin, rather than arising from quadrupole interactions or 
lack of solubility. 


Key words: Alloys; copper: iron; local moments; magnetism; Moss- 
bauer effect; nickel. 


Swindells, J. F.. Thermometry and pyrometry, Handbook of 


Physics, Second Ed., Ed. E. U. Condon and H. Odishaw, Part 5, 
Heat and Thermodynamics, Chapt. 3, pp. 5—34—5-44 (McGraw-Hill 
Book Co., New York, N.Y., 1967). 

The chapter defines an absolute thermodynamic temperature scale 
and describes methods for the realization of such a scale. The 
internationally accepted Kelvin scale is defined. Practical scales are 
discussed, and the International Practical Temperature Scale of 
1948 is defined. Temperature differences between practical scales 
and the Thermodynamic Kelvin Scale are discussed. Estimated 
limits of uncertainty in realizing both thermodynamic and practical 
scales are tabulated. Uncertainties associated with the calibration 
and use of commonly used temperature measuring instruments are 
also tabulated. 


Key words: Temperature scales; temperature measurement; tem- 
perature uncertainties; thermodynamic temperature scales; gas 
thermometry; radiation thermometry; black-body radiation; Kirch- 
off's law; “noise” thermometry; acoustical thermometry; nuclear 
resonance thermometry; magnetic thermometry. 


Sze, W. C., Comparator for calibration of inductive voltage 
dividers from 1 to 10 kHz, /SA Trans. 6, No. 4, 263-267 (Oct. 
1967). 

A high accuracy comparator is described for measuring the rela- 
tive deviations in voltage ratios and phase angles of inductive voltage 
dividers. The new technique overcomes several inherent limita- 
tions of the existing comparison methods. The balance is accom- 
plished by utilizing special shielded transformers and a resistance- 
capacitance network for in-phase and quadrature voltage injections. 
The measurements are accurate to within | X 10-7 of input in the 
frequency range from | to 10 kHz. Resolution is better than 2 x 10-'°. 


Key words: R-C network; shielded transformer; toroidal core; 
voltage divider: voltage ratio; calibration; comparator; high permea- 
bility core; inductive voltage divider; phase angle. 


Tighe, N. J., Hyman, A., Transmission electron microscopy 
of alumina ceramics (Proc. Intern. Symp. Anisotropy in Single- 
Crystal Refractory Compounds, Dayton, Ohio, June 13-15, 1967), 
Books, Anisotropy in Single-Crystal Refractory Compounds, Ed. 
F. W. Vahldiek and S. A. Mersol, 2, 121-136 (Plenum Press Inc., 
N. Y., 1968). 

Transmission electron microscopic studies have been carried out 
on two samples of sintered alumina having different density 
(3.99g/cm® and 3.78g/cm*), composition and grain size. Specimens 
were thinned by an ionic-bombardment method which preserved 
the grain boundaries and allowed observation of relatively large 
areas. The sample of nearly full density AlpO; had very few dislo- 
cations or small angle boundaries. It did have grains of second phase 
material (spinel) and these grains contained faults. The sample 
of lower density, had many small angle boundaries, pores and exten- 
sive dislocation networks. A number of the networks were com- 
posed of dislocations with Burgers vectors: 1/3(1120) and 1/3 
(1011). 


Key words: Alumina; defects; dislocations; polycrystalline Al,Os; 
electron microscopy; ionic bombardment. 


Wachtman, J. B., Jr.. Brower, W. S., Farabaugh, E. N., Elastic 
constants of single crystal calcium molybdate (CaMoO,), 
J. Am. Ceram. Soc. 51, No. 6, 341-344 (June 1968). 

The seven elastic compliances (and seven elastic constants) of 
single crystal calcium molybdate were determined by a resonance 
method. The compliance si6, which is zero for higher symmetry 
tetragonal crystals, need not be zero for crystals of lower tetragonal 
symmetry and contributes significantly to the orientation depend- 
ence of the elastic moduli of calcium molybdate. The values of the 
compliances and their standard errors (based on 4] measure- 
ments) in units of 10-''m*?/N(10-'*cm2/dyn) are s;,= .974+ .005, 
$33 = .958 + .004, s4g=2.720+ .009, sog=2.276+ .024, 5,2 =—.308 
+ .009, si3=— .249 + .009, and s;¢=.418+.011. 


Key words: Calcium molybdate; compressibility; Debye 


tempera- 
ture; elastic constants; shear modulus; Young’s modulus. 


Watson, T. H., Flynn, D. R., Thermal conductivity and electrical 
resistivity of beryllium copper foil, Trans. Met. Soc. AIME 
242, 876-880 (May 1968). 

Measurements have been made of the thermal conductivity and elec- 
trical resistivity of two specimens of 0.005 cm (2 mil) beryllium 
copper strip over the temperature range —140 to +200 °C. The 
thermal conductivity of beryllium copper Alloy 125 was found to 
be significantly higher than that of Alloy 25, which had a higher 
impurity content. The thermal conductivity and electrical resistivity 
values obtained were in concordance with the Smith and Palmer 
relation for copper alloys which states that A= 0.0239 (7/p) + 0.075 
where A is thermal conductivity (W cm~-' deg~-'), p is electrical 
resistivity (uM cm), and T is absolute temperature (°K), indicating 
that the Smith and Palmer relation can be used to predict the 
thermal conductivity of this type of beryllium copper alloy over the 
temperature range — 140 to + 200 °C to within an accuracy suitable 
for most engineering applications. 


Key words: Beryllium copper; conductivity; copper alloys; elec- 
trical conductivity; heat conductivity; Lorenz function; resistivity; 
thermal conductivity. 


Watson, R. E., Bennett, L. H., Freeman, A. J., Origin of solvent 
Knight shifts in alloys, Phys. Rev. Letters 20, No. 13, 653-656 
(Mar. 25, 1968). 

Consideration of the effects of conduction electron orthogonalization 
to the ion cores on the hyperfine field leads to the conclusion that 
current screening theories of Knight shifts of impurities in alloys 
require modification. 


Key words: Alloys; charge impurity screening; hyperfine fields; 
Knight shift; noble metals; orthogonalized plane waves. 


Watson, T. W., Flynn, D. R., Thermal conductivity of four 
heat-resistant alloys, Trans. Met. Soc. AIME 242, 844-846 
(May 1968). 

Measurements are reported for the thermal conductivity of four 
heat-resistant alloys which were measured at the National Bureau of 
Standards. Data are given for two samples of AISI Type 316 stainless 
steel covering a combined temperature range from —150 to + 800 °C. 
The thermal conductivities of three samples of AISI Type 347 were 
measured over the temperature range from — 150 to + 150 °C. Ther- 
mal conductivity values are given for Carpenter 20 stainless steel 
from 100 to 800 °C. Data are given for Inconel 702, in both the 
solution-annealed and the age-hardened condition, over the tem- 
perature range from — 150 to + 800 °C. 


Key words: Conductivity; heat conductivity; heat-resistant alloys; 
heat transfer; stainless steel; thermal conductivity; temperature- 
resistant alloys. 


Wiederhorn, S. M., The influence of water vapor on crack 
propagation in soda-lime glass, J. 4m. Ceram. Soc. 50, No. 8, 
407 (1967). 

This paper presents the results of a new experimental approach to 
the subject of static fatigue of glass. Using the double-cantilever 
cleavage technique, it was possible to observe crack motion and to 
accurately measure crack velocities in glass. The measured crack 
velocity is observed to be a complicated function of stress and of 
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water vapor concentration in the environment. Experimental results 
are discussed with reference to current theories of static fatigue. 


Key words: Cleavage; crack propagation; cracks; delayed failure; 
fracture; glass; static fatigue. 


Wiederhorn, S. M., Shorb, A. M., Moses, R. L., Critical analysis 
of the theory of the double cantilever method of measuring 
fracture-surface energies, J. Appl. Phys. 39, No. 3, 1569-1572 
(Feb. 15, 1968). 

This paper presents a critical discussion of the double cantilever 
method of measuring fracture surface energies. It was found that 
the equation developed by Gillis and Gilman is valid for crack lengths 
greater than 1.5 times the crack arm height. The constants in this 
equation were evaluated and were found to be practically inde- 
pendent of the elastic constants of the material for which they were 
evaluated, suggesting the equation could be used on any material. 
The Gilman and Gillis approach to the double cantilever problem 
was found to be consistent with the approach used by Gross and 
Srawley. 


Key words: Cleavage; crack propagation; elasticity; fracture; frac- 
ture energy; surface energy. 


Wyckoff, J. M., On-line transformations of high resolution 
spectra, /EEE Trans. Nucl. Sci. NS-14, 634 (Feb. 1967). 

A new technique has been devised for transforming the pulse height 
distribution obtained from a lithium drifted germanium crystal used 
as a gamma-ray spectrometer into an energy, peak area vector. The 
computer operations required are simple enough to be performed by 
an on-line computer in about five seconds. The vector is generated 
from the raw pulse height distribution by the subtraction of a 
smoothed version of the raw vector. In order to remove the statis- 
tically insignificant portions of the difference, all values less than 
twice the square root of the original element of the data are set 
equal to zero. The only remnant of the Compton contribution to 
the raw data is a small peak at the Compton edge. The resulting 
vector may be plotted directly or further transformed to sum the 
area under each peak providing a convenient graphic or tabular 
means of presenting the gamma-ray energy and relative intensity 
information. 


Key words: On-line; spectra; gamma-ray; computer; pulse-height- 
distribution; germanium-detector. 


Wyckoff, J. M., Radioactivity produced by a linac, /EEE Trans. 
Nucl. Sci. NS-14, 990 (June 1967). 

Over 40 different materials have been irradiated in the 100 MeV 
bremmstrahlung beam from the NBS linac. The major contributions 
to the gamma ray spectrum from the radioactive products have 
been measured using a Ge(Li) detector. Measurements have been 
made of gamma rays of concern in the 30 minute to 30 day time 
interval but this includes in some cases gamma rays from nuclides 
with half lives as long as 30 years. Eighteen of the samples were 
pure materials and 25 were commonly used structural, shielding, 
electrical and mechanical components. In several important cases 
nuclides produced by multiple particle emission dominate the 
picture. 


Key words: Relative yield; linac; radioactivity; health physics; 
gamma rays. 


Yakowitz, H., Evaluation of specimen preparation and the use 
of standards in electron probe microanalysis, Am. Soc. Test- 
ing Mater. Spec. Tech. Publ. 430, Fifty Years of Progress in Metal- 
lographic Techniques, 383-408 (1968). 

The magnitudes of systematic and statistical errors in electron 
probe microanalysis due to faulty sample preparation are discussed 
theoretically and experimentally. It is shown that these errors in- 
crease as the energy of the X-ray line being monitored decreases and 
also as the X-ray emergence angle decreases. Specific samples are 
chosen to illustrate various preparation problems in metallurgy, 
petrography and biology. Generalizing from these, certain useful in- 
strumental adjuncts can be listed; these adjuncts tend to allow the 
effects of the sample surface on the analysis to be controlled more 
‘rigorously. Several conductive coatings commonly used are evalu- 
ated in terms of electron and optical transparency, adherence, 
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X-ray attenuation, and thermal and electrical conductivity. Finally, 
a brief survey of standards employed in electron probe micro- 
analysis is made. Situations for which non-elemental standards 
are required are outlined. The choice of standards for various 
types of work is discussed. 


Key Words: Specimen preparation; electron microprobe; metal- 
lography; petrography; microprobe standards. 


Youden, W. J., Statistical design of experiments, Handbook 
of Physics, Second Ed., Ed. E. U. Condon and H. Odishaw, Part 1. 
Mathematics, Chapt. 13, pp. 1-198— 1-201 (McGraw-Hill Book Co., 
New York, N.Y., 1967). 

Statistical design of experiments involves the scheduling or group- 
ing of measurements with respect to experimental or environmental 
factors such as instruments, procedure, temperature or time so 
as to minimize the effect of extraneous factors on the value of the 
sought-after quantity. The extension of the simple example of drift 
elimination in the ABBA arrangement for intercomparing two objects, 
A and B, to the intercomparison of many objects is illustrated by 
arrangements that account for one source of variability (Block 
designs) and two sources of variability (Latin Squares, Youden 
Squares). A second class of designs for studying the effect of many 
factors on a single quantity, called factorial designs are illustrated. 
For both classes of designs the use of fractional designs to reduce 
the total number of observations is discussed. 


Key words: Factorial designs; fractional designs; instruments; 
statistical design. 
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